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Preface 


This hooh is intended both for the individual reader ■who ■wishes to 
become acquainted with logic and for use as a textbook in courses 
in elementary logic at the undergraduate level. It aims to combine 
practical ideas useful for the criticism of reasoning, technical 
ideas of modern symbolic logic, and philosophical notions relevant 
to logic. 

When people asked me what I was working on, I would 
answer that, among other things, I was writing a textbook on 
elementary logic. “What! Another textbook on logic?” they 
would reply. “Aren’t there more than enough of those already?” 
This response is not soothing to an author’s feelings, but it does 
have its point. There are already in print many elementary books 
on logic, and some of them are of very good quality. Since this 
book is not novel in its range of topics or radical in its approach to 
them, one may well ask whether it deserves to have been written. 
Insofar as I can reply to this, my answer is that of t he fo xjathgr 
than of the hedgehog; there is no one big innovation in the book, 
but there are many small ones. 



My hope is to have succeeded in expressing many small 
points of logical doctrine in lightly better ways : for instance, 
the notion of distribution in traditional logic, the notion of the 
material conditional in the logic of truth functions, the technique 
of natural deduction in the logic of quantification, the classifica- 
tion of fallacies, and the nature of reasoning by analogy in induc- 
tive logic. In connection with these notions and many others, I 
hope to have expressed matters more clearly than previous text- 
books have done. I have tried to write concisely throughout and 
have almost completely resisted the temptation, to which some 
textbook authors succumb, of coining new technical terminology. 

I have tried to ensure both that the exercises have intrinsic in- 
terest of their own and that they actually illustrate what they are 
supposed to illustrate. Also, I have given somewhat more atten- 
tion than is usual to the connections between philosophy and logic, 
for many students of logic will go on to study more philosophy. 

The hook contains somewhat more material than can con- 
veniently be covered in a one-term course. However, the chap- 
ters are largely independent of one another, and a teacher can 
omit one or more of them without appreciable loss of continuity. 
Chapter 2 can he omitted by those who feel that the traditional 
logic of the syllogism is too outdated to deserve attention ; Chap- 
ter 4, which is perhaps somewhat more difficult than the other 
chapters, can be omitted by those who want a comparatively relax- 
ing course ; and Chapter 8 should be omitted by those instructors 
who feel that my philosophical view« are too shallow even to serve 
as a basis for useful discussion. (Perhaps they will wish to substi- 
tute their own profounder insights.) 

Some able professors of logic nowadays feel that an elemen- 
tary course attempting to include such traditional topics as the 
theory of the syllogism, fallacies, and induction must become a 
rather disreputable ‘grab bag* of topics. They prefer a more 
highly unified approach that omits these traditional topics in favor 



of an abstract exposition of deduction, mathematical in its ri^r 
and style, with up-to-date emphasis upon the nature of formalized 
systems. I certainly recognize that a first course in logic con- 
ceived in this more systematic and abstract spirit can be a very 
good course. However, the advocates of such an approach seem 
to me to overlook the real intellectual benefits that the more cus- 
tomary ‘grab bag’ affords; It has a much greater chance of giv- 
ing useful guidance to students in their actual thinking (al- 
though 1 do not say that it has a great chance), and it has a 
much closer connection with philosophical terminology and with 
familiar philosophical problems. In my view, this more customary 
style of course is likely to be of greater intellectual benefit to 
most students than is a more highly unified and abstract approach. 
This is a question of pedagogy that each teacher must decide for 
himself, however. I have no wish to win over to my view any 
reluctant converts, as I feel that almost any teacher teaches best 
when be is teaching whatever he thinks is best. 

My opinions about a number of the philosophical aspects of 
logic have been influenced by views that I heard Prof. John "Wis- 
dom express some years ago, and I believe there are things in 
this book that reflect his influence. Readers must not suppose, 
however, that anything I say concerning philosophical aspects of 
logic does justice to his views, nor should they assume that he is 
in any way responsible for the obscurities and mistakes that may 
occur in my presentation. In the second section of Chapter 8, 

I have taken the liberty of using an example imitated from one of 
his. I must also acknowledge that in Chapter 2 I have used two 
mnemonic devices adopted from Swinburne’s Picture Logic, a too 
little known classic of Victorian pedagogy. 

I am greatly indebted to the publisher’s several anonymous 
reviewers, each of whom made detailed and valuable criticisms 
of the manuscript ; they have enabled me to make this book far 
less defective than it would otherwise have been. My best thanks 
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are due to Profs. Arnold Levison and George Tovey for their kind- 
ness in making helpful comments. Above all, I am indebte<5 to 
my -wife, Dr. Evelyn Masi Barker. Because she was one of those 
■who used this material in their own teaching, she was able to 
make practical as well as doctrinal suggestions for improvement ; 
she has assisted with the manuscript; and she has been a con- 
stant source of encouragement, 

S. P. BAKKER 
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1 . Introduction 


LOGIC AND PHILOSOPHY 

.e. O.S ana .ene 

generations ago. Logic universities came into 

been offered to stndents ever si 

existence some eight or ““® centuries has made 

Tt'afd’eTervTng to be a part of higher education? The 

men regard It as deserving 1 ;c_the critical study of 

reasons are at least twofold,^^^ tieoretmHnEtoSTSa 

reas oning : — is a subject o 

practical utility. 1 ,, inteUeetually 

On the one an , account of the clear 

rewarding as knowledge principles and its close 

and systematic character o ucstions and nowadaj-s with 

relations with basic phi o^p 

the foundations of mathem - ,„rv of its principles can 

is also of practical value, because a mastery 
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new departure in logic. (Quantification will be discussed in 
Chapter 4.) The new developments in logic were systematized by 
Whitehead and Bussell in their famous work Ma ke 

mutica, written early in the twentieth century. In that work they 
not only undertook to develop the new logic in a systematic 
manner but also tried to establish the thesis that the laws of pure 
mathematics can be derived from those of logic 
This modern logic, when properly understood, 
way contradict the traditional 

properly understood. However, modern logic differs f™” ^ 
tional aristotelian logic 

general, dealing wit a a method is more 

..di, ..,1.,. ™ „ i.« b. ......a -b 

of the simpler ideas of ^J^‘°^adays have taken on a 

The more advanced Jementary parts of 

character like that oj their practical value 

logicliave their especial 1 Thus it perhaps seems 

inhelpingtodetectnu^kesm— Tet 

as though logic does not branch of philosophy, and 

logic has always been ® briefly consider wliat 

there are some good reasons ^bat they have 

some of the various branches of p 
in common. 

-'Moral FhilosopliV — ■ ^^at branch of philosophy 

Jlornl phi!osophs.-0^«“>' ' ri ght and wro ng, 

which investigates the notions o ^;^^„plain the nature of ' 

duty an^ligidio£,.2Hi^“ ’ ' questions sucli ns these: 

these notions in order to c 

' ' Is there a difference between g , 

. “tell the difference between them. 
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help us to become more effective in recognizing and avoiding 
mistakes in reasoning— both in the reasoning that others use in 
trying to convince us and in our orm reasoning. person who can 
\ recognize and avoid logical mistakes in reasoning will be able to 
\think more clearly and correctly, more soundly and surely, what- 
ever may be the subjects about which he is going to think.'^ This 
book will deal both with theoretical aspects of logic and with 
practical aspects, but, because this ia an elementary book, the 
practical side will be emphasized more than in advanced books. 

Logic is a study with a long history. Like so much of our 
intellectual heritage, it goes back to the ancient Greeks, among 
whom the formal study of logic began with Aristotle in the fourth 
century b o. Aristotle’s most important contribution to logic was 
his theory of the syllogism. (The nature of the syllogism will he 
discussed in Chapter 2.) Later, Stoic philosophers worked out 
some of the principles of truth-functional logic. (Truth functions 
will be explained in Chapter 3.) 

During medieval times, Aristotle’s writings on logic were 
read and admired far more than anyone else’s, and so thinkers in 
the medieval tradition came to regard the theory of the syllogism 
as the central and most important port of logic. This view per- 
sisted into modern times, and as late as the eighteenth century the 
German philosopher Kant redected the opinion of most thinkers at 
that time when he declared that this aristotelian system of logic 
was a completed science: a subject whose essentials were fully 
understood and in which no new principles remained to be 
discovered. 

This opinion proved to be mistaken, however. During the 
nineteenth century the Irish logician Boole showed that the field o£ 
truth functions was far richer than had previously been realized, 
and be devised powerful new methods for treating problems in 
that branch of logic. Also, the German mathematician Frege 
originated the theory of quantification, a profoundly important 
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can we know what happened in the past or what is going 
we ever reaUy know what is in the nnnd of another 

‘“XiIX iX'Sl » a.- “ 


Aesthetics nhilosophy that deals with the 

Aesthetics is the branc general notions 

notio ns of f rt It tries to examine the 

related to the value ^ , wor ks_o_^ the beauty and ugliness 
critical standards used in judgments about he 
of things. It asks questions such as these, 
is the nature of beauty 
^s there an objective standard of beauty, 
a matter of individual t^te! ^ 

^an we ever prove that a = 

.^oes art provide us with some Und of 

of reality? _ connected with them, belong to 

These questions, and ot 
the field of aesthetics. 

Logic as Philosophy philosophy, and they 

These are four of the mam 

are akin to one another in .mportant ways. 

extremely general problems. j spiritual? 

the universe basically phya.cal 
^s it possible to have ® ccd evil? 

^Vhat is the 0^"; ;.Uhc those with which sei- 

Moreover, these all are p 
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"What general kinds of things are good ? 
v/What connections are there among goodness, rightness, and 
duty! 

In treating such questions, moral philosophy seeks to analyze 
the critical standards used in making moral judgments. 

Metaphysics 

Metaphysics is that branch of philosophy which tries to 
understand the nature of the real universe, considered in its most 
general aspect. It seeks .to analyze the standards ^e mploy ed in 
judgi ng whether th ing s really ex ist. It treats such questions as 
the^: 

Is the universe fundamentally physical, or is it spiritual in 
nature! 

w^Is everything real located in space and time? 

'-What are space and time? 

^Does everything that happens have a cause? 

^Does the universe have a cause? 

Questions of these sorts fall under the heading of metaphysics. 
Sometimes metaphysical philosophers have asked their questions 
iu ways that were not very clear, and sometimes the answers they 
have offered have not been free of confusion. Nevertheless, these 
are intellectual problems of great importance to all thinking 
people. 

The Theory of Knowledge 

The theory of knowledge, or epistemology , is that branch of 
philosophy whic h investigates th e nature and scope of knowledge. 
It seeks to analyze the st^d^ds employed in judging the 
genuineness of claims to the poss^ion of knowledge. It asks such 
questions as these; 

w>What is it really to know something? 

'Can we have knowledge o£ things that are outside onr minds ? 
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veovle think; it has the differentaimjfM^;miJ^aL^™<=t 
reS^^. irrespective of rvhether people do, in fact, 
correctly. 


AEGUMENTS 

In elementary logic the main task is that of studying tke difference 
hetiveen good reasoning and had. But -hat is rea«^ 
How is it recognised? Tor the moment we shall n y 

the difference between good and bad reasoning; we shall 

consider wh at reas , o^ gJt§elf statements 

When a perso^isreasiimSg. on to 

that h e assum es_to_^rue ; then, m -^n,en he does 

a consiqn^^ce^at he 

this, he is mjtegania^^i eaUedprfnmes, 

IS trying to give a p roo/« ^ hat — - . ^ argument may 

and w ha t or mor e; but each 

have just one p remise , or several conclusions 

argument has juir^e_ca_ntoon, for 

are drawn, there are several ° "argument” 

For the purposes of logic, 

and “inference” rather the word “argument- 

ordinary language. In or aig^greement, or debate ; the 

means almost any sort ot q „.,„„ainn whose conclusion is 

word “inference” “““ ^„g ^vhen a detective guesses 

quite speculative and dou ^ person may object, 

that someone is guilty of a crime, positive evidence 

“But that’s a mere inference; you on j^g^g^er, we shall use 

against me”. For the purposes ^ - 

these words in a more technica (or reasoning, or an 

What we shall mean by features. In the dret 

inference, or a proof) invq_^^ — I^r**7r<nim^t mnst he claiming 
pl^e, the person who presents the ar„ 
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ence normally deals. Seientiao_probleins usually must be settled 
by means o£ observatio ns and espe riments, as -whoii an engineer 
answers the question of how much weight a bridge can bear by 
testing it, or similar structures, until it breaks. Ph ilosop hical 
problems, however, cannot be solved through observations and 
experiments; such procedures cannot settle philosopbical ques- 
tions, for they cannot provide the kind of information that is 
needed. Thes e philosophical questions are ones with which w e can 
make headway only throug h reBeet ing upon our own st andards of 
various kinds (our moral standards, our standards of what counts 
as reality, our standards of what counts as knowledge, etc.). By 
obtaining a clearer view of these standards, we may be able to make 
progress toward unraveling philosophical questions : toward an- 
swering them in some cases and. in other cases toward clarifying 
the misconceptions that have given rise to the questions. 

Although the study of logic differs in some ways from the 
pursuit of other branches of philosophy, it is no accident that logic 
always has been classified as a branch of philosophy. This is 
because lo gic h as a basic kinship with these other branches. Like 
them, it de als with some very _gg neral que stions ; questions about 
what goo d reason ing is and about the difference between _co‘rrect 
, and incorre ct steps in th inking. Moreover, like other branches of 
philosophy , logic is a reflective study ; experiments are not neces- 
'• sary, and no laboratory work is appropriate for verifying its 
principles. 

To be sure, someone might make observations and conduct 
experiments in order to find out how people reason and to find the 
causes that make them reason as they do. Such an investigation 
would belong to psychology, however, not to logic, for such ques- 
tions are questions about human psychology. There is a differ- 
en ce between studying how people reason (a matter 
chology) aud stud ying the nature of correct reas oning (a matter 
of logic) . Logic does not undertake to describe or explain how 
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Words like "therefore” “since”, and “it follows” are ^ 

» II j «: 4 - are used to introduce tne 

inference. ‘ Therefore and 

conclusion of an argnment, wh^ 

used to introduce premises. Words i „„tence is a 

“ought” in a sentence often serve to ® ^ 
conclusion being derived from premise . > 

a statement is an argument we need 

“s cir one kind of misunderstanding, consider the two 
It today is Tuesday, tomorrow wiU (2) 

Since today is Tuesday, tomorrow will be wed 

Example (1) is not an -^-“‘jVaTtoZis T-day; no 
inference here, for no claim is m , that is claimed 

premise is asserted and no conclusion IS would be 

in (1) is that, if today were not an argument. 

Wednesday, this is just a sin„ ^ claimed that 

Example (2) is an argument, it jg inferred that 

today IS Tuesday (the premise) an ^ne thing is 

tomorrow will he Wednesday (the ““ ^^^^cn for believing 

presented as an actual, not just a yP 

another. misunderstanding, consider the 

To scotch another sort of 
examples: the nose ' 

Hugo insulted me, and so I ave gone to town. ' («) 

Hugo is not at home; therefore one might consider 

If one loolcs carelessly at carefully about the 

both of them arguments. Bu i ptely to be made, 

circumstances under which e most unlikely to be an 

one sees that they differ. Example ^ 1 ^ot be 

argument, for the person who makes 
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Ithat, i£ certain things (the premises) ate true, then sonsethmg else 
j (the conciusion) should be true also. In the second place, he mist 
he claiming that the premises jarc_indeed true. In making both these 
claims together, he aims to give n reason for accepting the 
conclusi on as tr ue. "We shall say that there is an argument (or 
reasoning, or inference, or proof) when and only when both these 
claims are present. 

The words "argument”, “reasoning”, "inference”, and “proof” are 
not exact synonyms.'^In/erence is the mental act of reaching a conclusion 
from one’s premises, the achievement of coming to believe the conclusion 
because one comes to see, or thinks one sees, that it follows logically 
from premises already accepted as true. Jteasoning is the mental activ- 
ity of marshaling one’s premises, reflecting upon their weight, and mak- 
ing inferences. An ar gument i s a formulation, in words or other symbols, 
of premises and of a conclusion that is inferred from them. A proof, 
in tlie more ordianry sense of that term, is an argument that snecee^s in 
establishing the truth of Its conclusion. However, mathematicians and 
logicians sometimes use the word "proof” also in a weaker sense : A 
demonstration that a certain conclusion would strictly follow from cer- 
tain premises is sometimes called a proof, even though there may be no 
reason to accept the xiremises and no reason to accept the conclusion. 

In ordinary conversation, arguments can be expressed in many 
ways. Sometimes the premises are stated first; sometimes the 
conclusion is stated first. For example, the following are argu- 
ments ; 

’J 

Hugo is not in class, and he would not be absent unless he had a good 
excuse. Therefore, Hugo must have a good excuse, c' ^ 

'Smulski has been disqualified, and so the Bison are bound to lose the 
game. ^ A 

This liquid is acid^ since it turns blue litmus paper red. 

Platinum is more valuable than gold, and gold is more valuable than 
silver; it follows that platinum is more valuable than silver. C- 
§ There must not be any life on Venus, since the atmosphere there is 
unsuitable and the temperature too extreme.yL' f 
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trying to prove that he punched Hugo on the nose. He -would he 
trying to indicate the cause or motive which led him to such action. 
The remark as a -whole is an assertion about the cause or motive ; it 
is not an inference in which one thing is presented as a reason 
for believing another. Example (4) is different; there the word 
"therefore” functions to introduce the conclusion of an argument, 
a conclusion which the speaker wants to prove and for which he is 
giving evidence. 

So far, we have considered only very simple examples. Let us 
now look at one example of more intricate reasoning, an example 
that has the flavor of real-life reasoning. In this piece of dis- 
course, the French philosopher Descartes is discussing the question 
whether animals (brutes) can think.' 

Although the brutes do nothing which can convince us that they think, 
nevertheless, b ecaus e their bodily organs are not very different from 
ours, we might conjecture that there was some faculty of thought joined 
to these organs, as we experience in oiuselves, although theirs he much less 
perfect, to -which I have nothing to reply, except that, if they could think 
jN ^we do, they wou ld have a n immortal soul as well as we, which is not 
likely, hecajus e there is no reason for helieving it of some animals with- 
out believing it of all, and there are many of them too imperfect to make 
it possible to believe it of them, such as oysters, sponges, etc. 

» e' 

Let us separate the mam ideas in this passage. Then we can 
consider what is being inferred from what. The main ideas are : 


The bodily organs of brutes arc not very different from ours. (1) 
Brutes have some faculty of thought less perfect than ours. (2) 

If brutes could think, they would have immortal souls. (3) ^ 

If some animals have immortal souls, all animals do. (4) ^ 

Many animals, such as oysters and sponges, are very imperfect. (5) 
Many animals do not have immortal souls. (6) 


In analyzing this passage, our problem is to tell what inferences 
are being made. Descartes starts by considering a possible in- 
ference, the inference of (2) from (1) ; he does not himself make 
1 Descartes, Letter to the Marquis of Newcastle. 
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this inference, although he seems to ^ 

evidence tending to snpport (2) . Descartes “ backward 

that (2) is nntrne. and he 

manner that is common in info -npocartes infers 

»>. ■■■> (« — r,r« rrrir;r-» 

that (2) is untrue. But ( ) describe 

piece of reasoning, for it is inferre r r^nm (5) (6) 

the whole thing as two steps i^fer’red that 

inferred; and from (6), (4), an ^ 

(2) is nntrne. Here then rs a^-.njlne^^^ 

structure of the reasoning. recognize arguments or 

fast rules that enable us substitute 

to analyze their structure m cases ^ 

for a sensitive understanding o v„„Vs we read and in the 

-y"'. »' 

conversations "we hear, ° only a small fraction of the time, 
seriously presenting argumen s -ji-ts merely of assertions 

The larger portion of most being put forward as 

made one after another, withou ®“ perfectly justified where 
reasons for believing others. n controversial. But 

the matters discussed are not u doubtful or 

whenever we are concerned with a needed. Thought- 

that have been challenged, there ar^ better to accept doubtful 
less people can .make up their min^ ^^gnts pro and con, but when 

beUefs without even considering arg” ^j^nable assertion, he 

a reasonable person is confronte w niind, for that is 

will demand arguments before he makes 
part of what it is to be reasonable. 


^ n e been discussing arguments 

In the preceding .cntains arguments and talk 

md the distinction between _,anv further distinctions 

thatdoesnot. This distinction, Uke many 
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■we shall meet later on, -we -want to be able to put to use. It does not 
do much good to be able to define an argument, unless rve can also 
apply our definition and recognize actual examples of arguments. 
All through the study of logic, exercises form a very important 
part of the -work, because they provide practice in applying the 
distinctions about which we are learning. In this first exercise, 
our task will be to distinguish between examples that contain 
arguments and ones that do not; where there is an argument, we 
should identify its premises and its conclusion. To illustrate the 
procedure, let us look at the first example; then w'e shall discuss 
how it is to be handled. 

1 You admit then that I believe in divinities. Now if these di- 
vinities are a species of gods, then there is my proof that . . . 

I do believe in gods. If, on the other hand, these divinities are 
sons of gods, their natural sons, as it were, by nymphs or 
some other mortal mothers, as rumor makes them, why, then, 
let me ask you, is there any one in the world who could sup- 
pose that there are sons of gods and at the same time that 
there are no godst "PhATO, Apology 

In this example Socrates is spealdng, and he is presenting an 
argument. The conclusion that he is trying to establish is that he, 
the speaker, believes in gods (Socrates is on trial, and one of the 
charges against him is that he is an atheist.) His premises are, 
first, that he believes in divinities ; second, the unstated assumption 
that divinities either are gods or are offspring of gods ; third, the 
premise (expressed in a question) that one could not believe 
divinities to be offspring of gods without believing in the existence 
of gods. Socrates uses these three premises in trying to prove his 
conclusion. 

For each of the following examples, decide whether the author 
is advancing an argument. If he is doing so, explain what the 
conclusion is and what the premises are. 
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•* “built o£ men.” Such a 

2 The medieval university no cata- 

university had no board o ^ ^ 

logue; it bad no student students— no 

versity itself was fundamen y of those 

college journalism, no drama ic , 

“outside activities” which are the 

activity in the y^e Rise of Vniversities 

3 The peculiar evil of sileneing the 

that it is robbing from the opinion, still 

existing generation; y**” i„;on is^ght, they are 

more than those who hold it. U for truth : 

deprived of the opportunity o ^ benefit, the 

„ ,j™, 

clearer perception and li 

by its collision with error. nj^erty 

i 0 sinner I Consider the fearful danger 

great furnace of wrath, a wi band of that God, 

fire of wrath, that you are held against you, 

whose wrath is provoked an m ^ slender 

as against many of the darane i • about it, and 

thread, with the flames of ivm asunder ; and j ou 

ready every moment to o“SO * ' yourself, nothing o 

have . . . nothing tolaT hold of ^ nothing 

keep off the flames of jbat you can do, to m uce 

that you ever have done, nothin^ 

God to spare you one moment ^„g,y God 

wCLtnnerS lU tUB 

JONATHAN EDWABDS, S bloodthirsty, certniuly 

6 Civilization has made man if ““"jaaty. In former days 
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thiTik bloodshed abominable and yet we engage in this abomi- 

nation, and with more energy than ever. 'Which is worse T 

DOSTOEVSKY, “Notcs from the Underground ’ 

6 As Gregor Samsa awoke one morning from uneasy dreams he 
found himself transformed in his bed into a gigantic insect. 
He was lying on his hard, as it were armor-plated, back and 
when he lifted his head a little he could see his dome-like 
brown belly divided into stiff arched segments on top of which 
the bed quilt could hardly keep in position and was about to 
slide off completely. His numerous legs, which were pitifully 
th i n compared to the rest of his bulk, waved helplessly before 
his eyes, kapka, “The hletamorphosis” 

7 When, in ordinary life, we speak of the colour of the table, 
we only mean the sort of colour which it will seem to have to 
a normal spectator from an ordinary point of view under 
usual conditions of light. But the other colours which appear 
under other conditions have just as good a right to be con- 
sidered real ; and therefore, to avoid favouritism, we are com- 
pelled to deny that, in itself, the table has any one particular 
colour. BERTRAND RUSSELD, The Prohlems of Philosophy 

8 Of the many impulses that rule man with demoniacal power, 
that nourish, preserve, and propagate him, without his knowl- 
edge or supervision, of these impulses of which the middle 
ages present such great pathological excesses, only the smallest 
part IS accessible to scientific analysis and conceptual knowl- 
edge. The fundamental character of all these instincts is the 
feeling of our oneness and sameness with nature ; a feeling 
that at times can be silenced but never eradicated by absorb- 
ing intellectual occupations, and which certamly has a sound 
hosts, no matter to what religious absurdities it may have 
given rise ernst mach. The Science of Mechanics 

^ 9 Nothing, Pizarro well knew, was so trying to the soldier as 

prolonged suspense in a critical situation like the present, and 
he feared lest his ardor might evaporate, and be succeeded by 
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Here 'we have arguments that are conclusive. Each ar gument has 
premises whose truth woul d ensure that necessarily the conclusio n 
must be true also ; the premises give «s absolutely sufficient reason 
for believing the eonclusion. Thus a contradiction would be 
involved in accepting the premises but denying the conclusion. 

Arguments of this kind belong to the type called deductive 
arguments. An argument that succeeds in being conclusive is a 
good deductive argument, but wc also want to allow for the 
possibility of bad deductive arguments. We shall therefore say 
that, if the premises are put forward with the claim that they 
conclusively establish the conclusion, the argument is deductive, 
even if this claim is mistaken. For example, suppose someone 
argues 5 

Jones is an atheist. All Communiata are atheists. Therefore Jones 
must he a Comatuilst. (3) 

If the speaker is claiming that his premises provide conclusive 
proof of the conclusion, we sball classify his argument as deductive, 
although it is a bad deductive argument, for the premises are not 
sufficient to establish the conclusion. The essential feature of a 
deductive argument is that it establishes its conclusion absolutely 
conclusively, or at any rate that the speaker claims it does so. 

l^ow let us look at some contrasting examples of a different 
sort ; 

Kelly helongs to the CIO. Most members of the CIO vote Democratic. 

Therefore, prohaWy Kelly votes Democratic. (4) 

I bought a pair of socks of this brand and style once before and they 
lasted a long time. If I buy another pair, most likely they will last a 
long time too. ^ 5 ^ 

We shall regard these arguments as having the sentences “Kelly 
will vote Democratic” and “I£ I buy another pair, they will last a 
long time” as their respective condnsions ; we interpret the words 
“probably” and “most likely” not as parts ol tbe conclusions but as 
indications ol the degree of connection claimed to hold betrveen 
premises and eouelusious. 
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An important feature of these two arguments is that in each 
case the conclusion makes some prediction or expresses some 
conjecture which goes beyond what the premises say but about 
which we can find out by further observations. (We can wait until 
the election to see how Kelly votes; we can test the socks over a 
period of time to discover how long they wear.) Arguments that 
are not deductive and that possess this feature are called inductive 
arguments ; that is, inductive arguments are nondeductive argu- 
ments whose conclusions express conjectures that go beyond what 
their premises say and yet can be tested by further observations.^ 

To say that the conclusion of an argument ‘goes beyond’ the 
assertion in the premises means that there would be no contradic- 
tion involved in accepting the premises but rejecting the con- 
clusion. Thus, the truth of the premises cannot provide absolutely 
conclusive reason for believing the conclusion. The premises of 
such an argument may give good reason for accepting the con- 
clusion. They may render the conclusion highly probable. But 
always it remains logically possible that the premises are true and 
the conclusion nevertheless is false. 

Dednotive and inductive arguments are the only types of 
argument that are much studied by logicians; indeed, logicians 
have studied deduction much more fully than induction, because 
deductive reasoning admits of being described more readily in 
terms of definite general rules. Whether there is any genuine 
reasoning that is neither deductive nor inductive is a question to 
ivhieh we shall return later (in Chapter 7). 


Exercise 2 

7u tkis exeroisc our task is io apply Ike disiinotion hef.rcen 
deduoiive and inductive arguments. Exa, mne each example 

1 T..ere i, no unamnUty a.ons logic 

the definition adopted here is not the simplest m current use, 

Kipa tbo least likely to be misleading in the long run. 



18 


The Elements of Logic 


and decide whether it contains an argument. If it docs, de- 
termine the conclusion and the premises. Then decide whether 
the argument is deductive or inductive. 

1 Messer Bernardo replied, "I do say that in their pleasantries 
and practical jokes women may sting men for their fanlts more 
freely than men may sting them. And this is because we our- 
selves have set a rule that a dissolute life in us is not a vice, or 
fault, or disgrace, while in women it means such utter oppro- 
brium and shame that any woman of whom ill is once spoken 
is disgraced forever, whether what is said be calumny or not. 
Therefore, since even to speak of women’s honor runs the nsk 
of doing them grave offence, I say that we ought to refrain 
from this and sting them in some other way; because to deal 
too hard a thrust with our pleasantries or practical jokes is to 
exceed the bounds proper to a gentleman.” 

CASTiGLiONE, The Courtier 

2 "How, in the name of good fortune, did you know all that, Mr. 
Holmes t” he asked. "How did you know, for example, that 
I did manual labor ? It’s true as gospel, for I began as a ship ’s 
carpenter.” 

"Your hands, my dear sir. Your right hand is quite a 
size larger than your left. You have worked with it and the 
muscles are more developed.” 

A. CONAN DOYLE, "The Red-headed League” 

3 A struggle for existence inevitably follows from the high rate 
at which all organic beings tend to increase. Every being, 
which during its natural lifetime produces several eggs or 
seeds, must suffer destruction during some period of its life, 
and during some season or occasional year, otherwise, on the 
principle of geometrical increase, its numbers would quickly 
become so inordinately great that no country could support the 
product. Hence, as more individuals are produced than can 
possibly survive, there must in every case be a struggle for 
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existence, either one indiviinal with another of tl'e 
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My reason for believing that there is one absolute Worid-Selt, 
who embraees and is all reality, whose consciousness includes 
and infinitely transcends our own, in whose unity nil the aws 
of nature and all the mysteries of experience must have their 
solution and their very being,— is simply that the profoundcs 
agnosticism which you can possibly state in any coherent fasli- 
ion, the deepest doubt which you can any way formulate about 
the world or the things that are therein, already presupposes, 
implies, demands, asserts, the existence of such a World-Self. 

. . . There is no escape from the infinite Self except by self- 
eontradietion. . , . This truth is, I assure you, simply a prod- 
uct of dry Logic. 

JOSiAH ROYCE, Thc Spirit of Modern Philosophy 


TRUTH AND VALIDITY 

In this section we shall consider the notion of truth, which relates 
to the premises and conclusions of arguments, and the notion of 
validity, which relates to arguments themselves. We must dis- 
tinguish between the notions of truth and validity ; however, vre 
shall see that they are connected in an important way. 

Premises and Conclusions 

What are the premises and conclusions of arguments? We 
shall speak of them as being kinds of sentences. Sentences are 
expressions — senes of words or symbols A sentence may roughly 
be defined as a series of words that form a complete utterance, 
according to the rules of language. The sentences that serve as 
premises and conclusions of arguments ordinarily are what gram- 
marians call declarative sentences, and they differ from other 
kinds of sentences in that they have the distinctive feature of being 
true or false Other kinds of sentences, such as questions and 
exclamations, ordinarily would not be appropriate as parts of an 
argument, for they do not usually possess truth or falsity. (In the 
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first example of Exercise 1 a question serves as a premise, but it 
is a rhetorical question, one that does not call for an answer but 
serves instead to make a statement.) 

To say that the premises and conclusions of arguments are sen- 
tences is a serviceable but crude way of speaking. It is serviceable in 
enabling us to talk about parts of arguments without our having to 
speak in tedious circumlocutions. It is crude, however, because it 
glosses over the distinction between a declarative sentence and the 
statement, or assertion, tbat a speaker makes by uttering the sentence 
on a particular occasion. Saying that the premises and conclusion of 
an argument are sentences suggests that sentences as such are true or 
false and that we can analyze the logic of an argument merely by 
studying the sentences (the series of words) that occur in it. But we 
cannot do that. Suppose a speaker argued: 

If Jones is mad, he needs psychiatric treatment, Jones is mad. There- 
fore, Jones needs psychiatric treatment. 

Whether this argument is logical depends, for one thing, upon 
whether the word “mad" is used in the same sense in both premises. If, 
in uttering the first sentence, the speaker was asserting that if Jones 
IS insane then he needs treatment, while in uttering the second the 
speaker was asserting that Jones is angry, then the argument is not 
good logic. Merely by inspecting the words themselves one cannot 
determine how the speaker is using them, and one cannot determine 
whether the argument is good or bad logic. To determine those things 
one must consider the context in which these sentences are uttered. Per- 
haps one must take account of what the speaker said before or afterward, 
what he saw and knew, perhaps his gestures and tone of voice. 

A less crude way of stating this would be to say tbat the premises 
and conclusions of arguments are not the sentences that speakers utter 
but rather are the assertions that they nmke by uttering these sentences. 
The difficulty is that this way of speaking would be very cumbersome 
later on, when we come to discuss the logical forms of arguments. In 
the rest of this book, whenever a remark is made about some logical as- 
pect of a sentence, the meticulous reader should understand this as short 
for a more cumbrous remaik about some aspect of the assertion that a 
speaker would be likely to make by uttering that sentence. 
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Writers on logic have used various terms for referring to the prcm 
ises and conclusions of arguments. Some have spoken of propositions, 
some of judgments, some of statements. 


Naturally, a sentence that is a premise in one argument may 
be a conclusion in some other argument. Suppose I am trying to 
prove a conclusion, and in doing so I advance an argument that 
uses another sentence as its premise. My opponent, even if he 
grants that my conclusion follows from my premise, may question 
whether my premise is true ; he may say that he will not accept my 
conclusion until I prove my premise. If he challenges my premise 
in this way, it becomes my duty to try to construct a new argument 
to establish that premise, that is, a ncw^rgument that will have a 
new premise (or premises) and that will have as its conclusion the 
premise of the first argument. I would hope to be able to choose 
for my new argument a new premise that my opponent will not 
challenge; but if he challenges this new premise also, then I must 
try to prove it too. This illustrates how the same sentence can be 
treated sometimes as a premise and sometimes as a conclusion. 


Two Kinds of Mistakes in Reasoning 
We noted earlier that an argument has two essential features : 
The speaker who presents the argument is claiming that his 
premises are true, and he is also claiming that, if these premises are 
true, the conclusion should also be true. Every argument, whether 
good or bad, must have these two features if it is to be an argument 
in our sense of the term. We can see from this that there are at 
least two ways in which a person can err when he advances an 
argument. On the one hand, the person presenting the argument 
may make a mistake in claiming that his premises are true. In this 
case he is making a factual error. (Here we suppose that his 
premises are false but not logically self-contradictory.) His mis- 
take is that his facts are wrong, and he has reasoned from assump- 
tions that are untrue 

On the other hand, the second kind of mistake might be the 
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mistake of claiming that, if the premises are true, the conclusion > 
should be true too, "when this is not so. This would he a logical 
error, resulting from misunderstanding the logical relation be- 
tween premises and conclusion. Logic, insofar as it is concerned 
with errors, is primarily eoneerned with errors of the second sort. 

It is not the business of logic to tell us what premises to start with 
in our thinking (except that we should start with premises that are 
logically consistent), but it is the business of logic to help us see 
how conclusions ought to be related to their premises. 

The first kind of mistake is the mistake of using false 
sentences as premises. Sentences can be true or false, but whole 
arguments are not spoken of as being true or false. When the 
premises of an argument are related to the conclusion in such a 
way that, if the premises are true, the conclusion should be true 
too, the argument is called volid.^ An argument is invalid if its 
premises are not related to its conclusion in this way. Thus, the 
second kind of mistake is the mistake of employing an invalid type 
of argument. 

To see clearly the difference between truth and validity, let 
us think about deductive arguments (For inductive arguments, 
truth and validity are related in a different way, which will be 
discussed in Chapter 6.) A deductive argument is valid provided 
that, if its premises are true, its eoaeiusion must necessarily he true 
also. However we must note that, even when a deductive argu- 
ment is valid, its conclusion may not be true. For example, the 
argument "All creatures that fly have wings ; all pigs fly ; therefore 
all pigs have wings” is an argument that is deductively valid j that 
is, if the premises are all true, the conclusion necessarily will be 
true also. But the conclusion is false, and that is possible because 
the premises are not all true. 

We should note also that a conclusion invalidly reached may 

8 8omo writers restrict the term “valid” to good deductive arguments. They 
do not choose to call an inductive argument valid, no matter how good it is 
We shall not follow that usage, however. 
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liappen to be true. For example, tbe argument “All birds have 
wings and all chickens have Tvings; therefore all chickens are 
birds” is an argument whose conclusion happens to be true even 
though the argument is invalid.* The one thing that cannot 
happen is for a false conclusion to be validly deduced from prem- 
ises all of which are true ; this cannot happen in virtue of what 
we mean when we call a deductive argument valid. 

One further bit of terminology: In ordinary language the 
word “imply” means “hint” or “suggest”, hut in logic this word is 
used in a different and stronger sense. "When we say that the 
premises of an argument imply the conclusion, we mean that the 
argument is a valid deductive argument, hlore generally, to say 
that one sentence or group of sentences implies another sentence 
means that, if the former are true, the latter must necessarily be 
true also.® We do not say that the premises infer the conclusion in 
a valid deductive argument, as that is not good English. Implica- 
tion IS a logical relation that can hold between sentences ; inference 
is an act that people perform when they derive one sentence from 
another. 

Exercise 3 

In each case, is the argument valtdf Are its premises all truef 
Is its conclusion true? Notice how each example diners from 
every other. 

1 All birds have feathers, and all crows have feathers There- 
fore, all crows are birds 

* If someone does not see that this example is invalid, a good way to show 
him 13 to make use of an analogy We say to him, “If you say that this is 
valid, then you might as well say that ‘All birds have legs and all pigs have 
legs, and so all pigs are birds’ is a valid argument”. 

“This 18 the only notion of implication that we shall employ. However, 
many modem logic writers follow the somewhat confusing precedent set by 
Bussell, who used the word "implication" as a name for the truth functional 
conditional (which we shall discnss in Chapter 3). 
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2 All birds have feathers, and all crows are birds. Therefore, 
all crows have feathers. 

3 All birds are quadrupeds, and all crows are birds. Therefore, 
all crows are quadrupeds. 

4 All birds are quadrupeds, and all crows are quadrupeds. 
Therefore, all crows are birds. 

5 All birds are quadrupeds, and all crows are quadrupeds. 
Therefore, all birds are crows. 

6 All birds are quadrupeds, and all dogs are birds. Therefore, 
all dogs are quadrupeds. 

7 All birds have feathers, and all crows have feathers. There- 
fore, all birds are crows. 


EMPIBIOAli AND KCOSSSAEY S£NT£KOES 

We have called the premises and conclusions of arguments sen- 
tences, Let us now note a distinction between two basically dif- 
ferent tj-pes of true-or-false sentences. Discussing this distinc- 
tion may help indirectly to clarify the sense in which we have 
spoken of the conclusion of a valid deductive argument as follow- 
ing necessarily from its premises. 

j\rost of the sentences encountered in ordinary discourse are 
empirical (or a posteriori) sentences. To see what this means, let 
us consider a few examples. 

Arsenic is poisonous. 

Some pigs can fly. 

Caesar congnered QauL 

Ted’s age pins Jim's age equals thirty-two. 

The term “empirical" means “based on experience", and each of 
these sample sentences is based on experience in the following 
sense. To know whetlicr one of these sentences is true, a person 
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must possess CA'ideuce drawn from experience, that is, sensory 
evidence regarding what has been seen or beard or felt or smelled 
or tasted. A person could believe that arsenic is poisonous even 
though he did not have evidence for this; but belief, even when it 
is true belief, is not knowledge in such a ease unless it is based upon 
good reasons. The kinds of reasons needed to enable anyone to 
know whether these sentences are true are reasons based on sensory 
observation. If I do not have any sort of observational evidence 
relative to arsenic, then my claim to know that it is poisonous is a 
false claim. Similarly, if I claim to know it to be false that some 
pigs fly, then my claim, if it is justified, must rest upon observa- 
tions of pigs (and perhaps also of birds and blimps), observations 
made by me or by other observers with whose findings I am ac- 
quainted. It would be a contradiction in terms to suppose that 
one could know this kind of thing without knowing it on the basis 
of sense experience. 

Putting the point in a more general way, we shall define an 
empirical sentence as a sentence such that merely understanding 
its meaning never is sufficient to enable a person to know whether it 
is true ; in addition to understanding the sentence a person must 
have appropriate experience if he is to know whether the sentence 
is true. There is nothing about the meaning of an empirical sen- 
tence to make it necessarily true or necessarily false ; consequently, 
we may say that an empirical sentence is a sentence that, if true, 
might conceivably have been false or that, if false, might con- 
ceivably have been true. (For this reason, empirical sentences are 
also called contingent sentences.) Putting it another way, we may 
say that to utter an empirical sentence is to make a claim about 
how the world actually happens to be, although the world might 
have been othenvise ; the empirical sentence expresses information 
about our actual world by contrasting this world with other 
conceivable worlds. 

novc\er, there are other sentences that, if true, are neces- 
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sarily true aud could not have been false or that, if false, are 
necessarily false and could not have been true. Examples are: 

Snow is white or it is not. 

All dogs are animals. 

Caesar conquered Ganl hut it is not the case that he did. 

Fifteen pins seventeen equals thirty-two. 

Sentences like these, when understood straightforwardly in their 
likeliest senses, do not convey information about the world by 
contrasting this particular world which actvaUy exists with other 
conceivable worlds. These are sentences that, if true, would be 
true in any possible world and, if false, would be false in any 
possible world. In discovering their truth or falsity, we do not 
have to make observations; we can simply reflect upon what they 
mean in order to see whether they are true. These necessary 
sentences are called a 'priori sentences (because one can know 
whether they are true before one observes the objects of which they 
speak). A person who understands the sentence, say, "All dogs 
are animals”, and understands it straightforwardly, does not need 
in addition some sense experience to tell him that the sentence is 
true. He can know this by reflecting on the meanings of the words 
involved. No experience whatever, beyond that involved in 
learning the meanings of the words, is essential in order to enable 
him to Icnow whether the sentence is true. 

In logic we are interested in learning to tell the difference 
between arguments that are valid and arguments that are invalid. 
But to understand that the argument “No gentlemen are tactless; 
all baboons are tactless ; therefore no baboons are gentlemen” is 
a valid deductive argument amounts to the same thing as to 
understand' that the sentence "If no gentlemen are tactless and if 
all baboons are tactless, then no baboons are gentlemen” is a 
necessarily true sentence. The argument differs from the sentence 
in that it is an argument rather than a single sentence. (It 
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consists of a series of sentences: premises that are -sert^ “d a 
conclusion derived from them.) But to recognme the deductn e 
validity of the argument is to recognise that the premises imply the 
conclusion. To say that the premises imply the concision amounts 
to saying that this “if-then” sentence is necessarily true. 

Thus logic is very much concerned with necessary sentences. 

It is especially concerned with sentences that are necessarily true 
in virtue of their logical form. The logical form “If no ### are 
*** and if all /// are *»*, then no /// are ###” is such that, 
with whatever three words or phrases we consistently fill the gaps, 
provided we make sense, we always get an overall “if-then 
sentence that is true. Regardless of its subject matter, any 
sentence of this form is bound to be true. Thus we say that this 
particular sentence about gentlemen and baboons is true in virtue 
of its logical form, and the corresponding argument is valid m 
virtue of its logical form. 

"We should notice in passing, however, that not all valid 
arguments are valid in virtue of their logical forms. For instance, 
the argument “This glassisred; therefore this glass is colored" is a 
valid piece of deductive reasoning. (The truth of the premise 
would be absolutely sufficient to guarantee the truth of the 
conclusion.) But we cannot usefully analyze the logical form of 
the argument except as . . is ***, therefore ... is ///’• 
Since many arguments having this form are invalid, we cannot 
say that this argument is valid because of its logical form. 
Instead, its validity results from the special connection in 
meaning between the words “red” and “colored”. In logic we are 
mainly interested in considering arguments whose validity depends 
upon their logical forms, that is, on the ways in which certain 
logical words such as “all”, “some”, “not”, and “or” are arranged 
in them. 

Returning to our distinction between empirical and necessary 
sentences, we must recognize that this is not an absolutely precise 
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distinction ; there are borderline eases of sentences that do not 
clearly belong in one category rather than the other. For example, 
consider the sentence "All spiders have eight legs”. When 
straightforwardly understood, is this a necessary truth or is it 
an empirical truth f Is there or is there not a contradiction in- 
volved in supposing that there might be a species of spiders that 
did not have eight legs? Is having eight legs part of what the 
word “spider” means, or not? There are no answers to these 
questions, because the word “spider” as ordinarily used is some- 
what indefinite in its meaning. Because the ordinary meaning of 
the word “spider” has this indefiniteness, there is no answer to 
the question whether the sentence as ordinarily understood is nec- 
essary or empirical. We could decide to change or sharpen the 
meaning attached to the word “spider” ; then the sentence could 
become either definitely empirical or definitely necessary, but that 
does not alter what has just been said. 

Thus some sentences cannot be definitely classified as necessary 
or as empirical. However, the distinction between necessary and 
empirical sentences still is a valuable distinction, in spite of such 
borderline cases, for the majority of sentences with which we ordi- 
narily are concerned fit definitely into these categories. And 
the distinction between necessary and empirical sentences is of 
especial interest in two ways: first, in a theoretical way, and sec- 
ond, in a practical way. 

First, the distinction between necessary and empirical sen- 
tences helps us to understand a fundamental difference between 
two types of knowledge; the a priori knowledge involved in logic 
and mathematics, on the one hand, and the empirical knowledge 
involved in the experimental sciences, on the other hand. The 
sentences in which are expressed the laws of physics, chemistrj*, 
and other experimental sciences typically arc empirical sentences. 
They tell us about what actuallj’ is so, although it might have been 
otherwise. Scientists must make observations and conduct cr- 
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periments in order to know whether the sentences in which they 
are interested are true. 

In pure mathematics, however, and in logic, we do not have to 
employ ohservatious or experiments ; the sentences in which laws 
of mathematics and logic are expressed are necessary sentences. 
The principles of mathematics and logic give us no specific in- 
formation about this particular world that happens to exist but 
apply equally to all conceivable worlds. Such of these principles 
as we attain knowledge of, we can know by means of reflection 
without appeal to sense experience. 

Second, a practical reason why the distinction between neces- 
sary and empirical sentences is worth noticing is that it can help us 
to evaluate sentences met in ordinary discourse. Sometimes a 
person wishes to assert an informative, empirical thought hut, 
without realizing the difference, he asserts something necessarily 
true hut trivial instead. His hearers give the wrong weight to 
what he said and may ask for the wrong kind of reasons in its 
support if they are not aware of this distinction. Also, speakers 
sometimes utter necessarily false sentences without realizing that 
they are doing so ; here too their hearers will give the wrong weight 
to what IS said and may try in the wrong way to refute it if they 
are not aware of the distinction. 

Exercise 4 

State whether each sentence when straightforwardly under- 
stood is necessarily true, necessarily false, or empirical. 

1 Some roses are red. 

2 A rose is a rose. 

3 A rose is a flower. 

4 Few Buddhists live in Ohio. 
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5 Anyone tvIio is a spinster is a 'woman. 

6 There are spinsters who are not women. 

7 Every cube has twelve edges. 

8 Whatever will be will be. 

9 Either Egbert is my friend or Egbert is my enemy. 

10 Either Egbert is ray friend or Egbert is not my friend. 

11 If no first-year men are on the team, then nobody on the team 
is a first-year man, 

12 If some Methodists are Hindus, then some Hindus are not 
non-Methodists. 

13 The bride-to-be, Miss Mathilda Peebles, is just twenty years 
old ; and she was only seven when she moved here to Pomona- 
ville with her late father, who was then commencing his two 
decades of service as our city’s sanitary engineer. 

14 If you eat an adequate, well-balanced diet, you will get all the 
vitamins your body normally needs. 

16 No thinker can get outside his own world of thought. 

16 An attitude of undue morbidity is not healthful. 

17 The future lies before us. 

18 If the present economic upward trend continues, there will be 
increased prosperity; however, if business conditions should 
worsen, the general state of the economy may not continue to 
improve and may even decline. 

19 The Demopublican party will decrease government expendi- 
tures so that taxes can be cut; you may rest assured, however, 
that they will not allocate less funds to the various tasks, all 
of them essential, which our government performs. 

20 An ideal man would always say far more than he means, and 
would always mean far more than he says. 


OSCAH WILDE 
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In each case, if your anstver is "yes”, give an example to cstal- 
lish your anstver. If your answer is "no”, explain why there 
canl)e no example. 

1 Can there be a valid deductive argument consisting entirely o£ 
empirical sentences? 

2 Can there be a valid deductive argument consisting entirely of 
necessary sentences? 

3 Consider a valid deductive argument all of whose premises are 
necessarily true. Can its conclusion be an empirical sentence? 

4 Consider a valid deductive argument all of whose premises are 
true empirical sentences. Can its conclusion be a necessary 
sentence ? 

6 Consider a valid deductive argument all of whose premises are 
false empirical sentences. Can its conclusion be a necessary 
sentence ^ 

In logic it is important to distinguish between what necessar- 
ily follows from a remark and what is merely suggested by it. 
In each of the following cases, suppose that someone says 
(a). Then is (b) something that follows deductively from 
what he has said, or something that is merely suggested by 
what he has said, or something neither following from, nor 
suggested by, what he has satdf 

1 (a) Only citizens who pay real estate taxes will vote on the 
proposed bond issue 

(b) All citizens who pay real ^tate taxes will vote on the 
proposed bond issue. 

2 (a) Mr. 'Wilkinson is bis unde, 

(b) He is Mr. Wilkinson’s nephew. 

3 (a) College students are as intelligent as they are industrious, 
(b) College students are intelligent and industrious 

4 (a) I won’t go if you do. 

(b) I will go if you don’t. 
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5 (a) Wilbur is taller than Hubert 
(b) Hubert is shorter than Wilbur 

6 (a) Some students in this class are not lazy 
(b) Some students in this cla^ are lazy 

7 (a) I'll buy you a mink coat or a Cadillac 

(b) I -won’t buy you both a mink coat and a Cadillac 

8 (a) Hilda has acquired a dog 

(b) Hilda has acquired an animal 

9 (a) Not all telei ision programs are intellectually stimulating 
(b) Some television programs are not intellectually stimulat- 
ing 

10 (a) I only know that I love you 
(b) I know that only I love you 

11 (a) Carelessly he anchored in the target area 
(b) He anchored carelessly m the target area 

12 (a) I’m very glad you asked me about this proposed ‘Right 
to Work' law, which would prohibit tlie closed shop This is 
a big issue in the present election, and I want to take this op 
portunity to state very frankly and candidly that, although 
some special interests -will be offended by what I’m saying, I 
do indeed heartily favor any legislation that will effectively 
protect the legitimate interests of all the working men i» this 
great nation of ours 

(b) I am in favor of the ‘Right to Work’ law. 



2 . The Traditional Logic of Categorical 
Sentences 


In this chapter we shall consider the traditional logic of cate- 
gorical sentences, a part of logic that stems from Aristotle. This 
part of logic deals with arguments whose premises and conclusions 
all can be expressed as sentences of the kind called categorical. 
This was the aspect of logic mainly studied by logicians of 
medieval and early modern times, and they came to regard it as 
the principal part, perhaps even as the whole, of logic. Nowadays 
it can be seen that such a view is far too narrow ; there are many 
valuable forms of argument not comprehended within this tradi- 
tional part of logic, and the limited range of arguments that it 
treats is not of great theoretical importance. Nevertheless, this 
traditional part of logic still deserves attention, for arguments that 
can he analyzed in this traditional style occur very frequently in 
ordinary discourse. 

34 
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CATEGORICAL SENTENCES 

Let US focus our attention upon four specific forms of sentence, 
forms important enough so that they were long ago given the 
special names “A”, “E”, “I”, and “O”. These four forms of 

sentence are: 

A: All so-and-so’s are snoh-and-snch’s. 

E: No so-and-so’s are such-and-such’s. ^ 

I: Some so-and-so’s are sueh-and-snch’s. 

0: Some so-and-so’s are not sueh-and-cuch s. 

Sentences of these four forms, and only - 

poHcal sentences.^ Thus, — “e sent-e^ AU unmor^^ 

are animals” is a “‘"S°n»al ^ Belf-luminous bodies” is a 

“No ''“'Ve form- and the sentence “Some birds are 

categorical sentence of E lorm, 

not dodoes” is a must start with a 

To he in categorical form.^^ 

quantifier (the word all , . tlm copula ("are" 

or phrase called the stibjec phrase called the predicate. 

,,. 1 .™ .. 

The words or phrases that serve 

categorical sentences are called tc™« universal, because 

The A and E -“‘onces are said to 
sentences of these forms sweepmgly spea 

. 11, h,a been used because of its eon- 

iTbo term -eategorical” from the Greek word for 

neetion with the term in whieh a pred.eate 

T-i.,,. enteuorical sentciiccs are se , „aicatea were 



quantity (e g., “tvro feet as corresponding to types 

These types of predieates, ^ ® „,o eategories. It ‘ 

entity in the universe, eamo t ..redieato bad to belong t 

that In every eategorieal sentenee the jr 
these categories. 
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of things to which the subject term applies. The I and O forms are 
said to be particular, because sentences of these forms give definite 
information only about part of the class of things to which the 
subject term applies. This is called gimnlifi/. A and E arc said to 
be universal in quantity, and I and O are said to be particular in 
quantity. 

The A and I forms say something afirmative, while E and O 

say something iiegoh'ue. This is called qualify. A and I are said to 

he affirmative in quality, while E and O are said to be negative in 
quality. [The four letters used as names of these forms come from 
the vowels in the Latin words “offirmo” (“I affirm'’) and “nego 
("I deny”) ; in medieval and early modern times, logic, like all 
university subjects, was studied only in Latin.] We can use a lit- 
tle diagram to sum up these facts about quantity and quality 
(Figure 1). 

Our consideration of categorical sentences will be smoother and 
clearer if we adhere to this comparatively strict and narrow point of view 
concerning the form of categorical sentences. (This will facilitate our 
dibcussion of immediate inference, later on.) Accordingly, let us insist 
that m a sentence in strictly categorical form the copula must be plural 
and the terms must be plural substantive general terms. Thus, the sen- 
tence “All gold is valuable” is not regarded as strictly in categorical form, 


Universal 


A: AllfifareP 


E: No 5 are P 


m 

< 


I : Some S' are P 0 : Some S are not P 


Particular 


Figure 1 



The Traditional Logic of Categorical Sentences 


37 


because its copula is “is” rather than “are” and because its predicate is 
an adjective lather than a substantive (that is, nouulike) expression 
However, if we reword it as "All pieces of gold are valuable things”, 
then we have a sentence that is strictly categorical, for now the copula 
IS plural and both terms are plural forms of substantive general terms. 

As another example, the sentence “All America is beautiful" falls 
even further short of being a categorical sentence, for not only is 
the predicate adjectival and the copula not plural, but the subject, 
“America”, is not eien a general term 

The distinction between general terms and singular terms is of 
some interest for logic, let us consider it bnefly A general term is a 
word or phrase used m such a way that it can apply to many individual 
things, to just one, or to none Thus, the general term “dog” applies 
to millions of individual dogs, the general term “natural satellite of 
the earth” applies just to the moon, and the general term “unicorn” 
applies to nothing A speaker can use a general term (eg, “dodo”) 
m saying many things that he knows to be true (eg, in sajing 
“No dogs are dodoes”, “Some birds are cot dodoes”, etc ) irrespective 
of whether there is anything to which the term applies In contrast, 
a singular term is a word or phrase that, as used on a particular occasion, 
purports to refer to exactly one thing A speaker can use a singular 
term (eg, the proper name “Bruno”) m saying a variety of things 
that he knows to be true (eg, in saying “Bruno is an intelligent 
dog”, “Bruno is not a cat”, etc ) only if the term as he is using it refers 
to just one individual thing If he had made a mistake and there vere 
no such dog as the one he was calling “Bruno”, then he uould not haie 
said anything either true or false by uttering those sentences 

In categorical sentences we never allow a singular term just by 
itself to sene as subject or as predicate In the sentence “All Araenca 
IS beautiful”, the word “AmeneV’ functions ns a singular term, for who 
ever utters this sentence is thereby refemng to one specific countrv, the 
existence of which is a precondition of the truth or falsity of his remark 
Howo^e^, we obtain a categorical sentence if we reword it ns “All parts 
of America are beautiful places” Now the phrase "parts of Aroenca” 

IS the subject of the sentence, ami this phrase is a general term 

One further distinction, winch it is useful to notice here, is the dis- 
tinction between compound sentences and atomic sentences Sentences 
are said to be con}pound if the\ contain otlicr simpler «?cntcncc3 witli- 
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in themselves; sentences are said to be atomic if they do not contain 
other simpler sentences. Thus, the sentences “Clovis is coming and 
■we shall have a party”, “If Clovis is coming, then we shall have a 
party”, and “We shall have a parly because Clovis is coming” are ex- 
amples of compound sentences, for each contains within itself the 
simpler sentences “Clovis is coming” and “We shall have a party”. Such 
sentences as “It is not the ease that Clovis is coming”, “I believe that 
Clovis is coming”, and “It is impossible that Clovis is coming” also 
may conveniently be considered compound sentences, for each con- 
tains within itself the one simpler sentence “Clovis is coming”. This 
simpler sentence, however, presumably would be classified as atomic, 
that is, noncompound, since it does not have any other still simpler 
sentence as a part of itself. 

Categorical sentences are not compound, as such. That is, a cate- 
gorical sentence does not need to contain other simpler sentences as 
components of itself, and most ordinary examples of categorical sentences 
do not. However, it would be incorrect to say that all categorical sen- 
tences are atomic, for some categorical sentences contain other simpler 
sentences. For example, the sentence “All persons who believed that 
Evans was innocent are persons who believed that Christie was guilty” 
is a compound categorical sentence containing the simpler sentences 
“Evans was mnocent” and “Christie was guilty”. The best way to describe 
the situation is to say that categorical sentences need not be compound, 
although they need not be atomic either. 

Before we can discuss the logical relationships among the four 
forms of categorical sentences, we must get clearly in mind what 
each form is to mean. With regard to the meaning of “some”, two 
difficulties may cai^e misunderstanding. First, the word “some” 
is vague as it is used in ordinary conversation. By “some” we 
mean “a few”; but how many are a few? If a person says that 
some chairs are in the next room, is he claiming that there is at 
least one chair in the next room, that there are at least two, or 
perhaps that there are at least three? Such questions have no 
answer, for the word “some” is vague as it is ordinarily used. 
Vagueness of this kind is inconvenient for our present purposes. 
It will be best for us to decide more definitely what meaning we 
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shall assign to the word "some”. The most convenient way to do 
this is to assign it the minimum meaning : We shall take "Some 
so*and>so’s are such-and-such*s” to mean that there is at least one^ 
so-and-so that is a such-and-such. 

A second difficulty is that the word "some” can give rise to 
ambiguity as it is ordinarily used. Vagueness and ambiguity are 
different. A word is vague if there is no way of telling just where 
correct use of the word begins and where it leaves off, as things 
vary in degree. For instance, the word "bald” is vague, for 
baldness is a matter of degree, and we cannot say just how many 
hairs must be missing before it is correct to describe a man as bald. 
A word is ambiguous if it has two quite different meanings. The 
word "heavy” in the sentence “This is a heavy book” is ambiguous, 
for it may have either of two quite different meanings, “hard to 
read" or “hard to lift”. 

The ambiguity involved with “some” comes to light if we 
consider a man who says that some women are boring. Is he 
thereby claiming that some women are not boring? In ordinary 
discourse this occasionally may be part of what his remark means, 
although more often it is not. For example, a student who says in 
an acid tone, ^‘Some members of the faculty are worth listening to” 
is strongly suggesting that some are not, and perhaps we should 
regard his remark as asserting that some are and some are not 
worth listening to. But usually to say that some so-and-so’s are 
such-and-such’s is not to say that some are not. 

For the purposes of logic, it is best to choose the minimum 
meaning of “some”. We shall interpret the sentence “Some so- 
and-so’s are such-and-such's” as meaning merely that there is at 
least one so-and-so that is a such-and-such. (This leaves it an 
open question whether there is any so-and-so that is not a such- 
and-such.) Similarly, we shall interpret the O sentence as mean- 
ing merely that at least one so-and-so is not a such-and-such. This 
leaves it an open question whether any is. 
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Another ambiguity connected -with categorical sentences is 
concerned not with alternative possible meanings of the four cate- 
gorical forms but with the viewpoint from which their interrela- 
tions are discussed. The A form "All so-and-so’s are such-and- 
such’s” certainly means that, if there are any so-and-so’s, they are 
such-and-such’s ; in other words, there are not any so-and-so s that 
fail to he such-and-such’s. The E form “No so-and-so’s are such- 
and-such’s” certainly means that, if anything is a so-and-so, it is not 
a such-and-such ; in other words, there do not exist any so-and-so s 
that are such-and-such’s. The I form asserts the existence of at 
least one so-and-so that is a such-and-such, and the O form asserts 
the existence of at least one so-and-so that is not a such-and-such. 

But the ambiguity is this: "Wlien we discuss the relations 
among the A, E, I, and O forms, are we prepared to allow for the 
possibility that no so-and-so’s exist, or are we presupposing that at 
least one so-and-so exists 9 In ordinary discourse, a speaker who 
utters one or more categorical sentences should in some cases be 
understood as taking for granted that so-and-so’s exist, while in 
other cases he should be understood as leaving it an open question 
whether they exist or not. Thus, when a landowner states that all 
trespassers will be prosecuted or that no trespassers will be prose- 
cuted, neither of these remarks need be construed as having the 
underlying presupposition that there will be trespassers. But if a 
lady says that all her jewels are diamonds or that no jewels of hers 
are rubies, these remarks normally should be understood as having 
the presupposition that there are jewels of hers. 

These two different viewpoints for interpreting categorical 
sentences are important enough to deserve attention in logic. If 
Txe consider the categorical sentences from the viewpoint that 
presupposes that there exist things to which the subject term 
applies, we are adopting the existential viewpoint. If we consider 
categorical sentences in the minimum way as not taking for 
granted that such things exist, then we are adopting the hypotheti- 
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cal vtcivpoini. Traditional aristotc- 
lian logic considered categorical sen- 
tences only from the cicistcntial view- 
point. Modern .symbolic logic usually 
treats categorical sentences according pig^re 2 
to the hypothetical \newpoint. 

The meanings of the four forms of categorical sentences can be 
brought out especially clearly if we illustrate them by means of 
Venn diagrams. These diagrams were devised by the nineteenth- 
century English logician John Venn. Another type of diagram 
invented by the eighteenth-centurj' mathematician Euler also can 
be used to reproseut categorical sentences; Venn diagrams are 
preferable, however, as with them it is always possible to illustrate 
exactly what the categorical sentence says, no less and no more, 
whereas Euler diagrams must sometimes appear to express more 
information than is contained in the sentences being diagrammed. 

Let us draw two overlapping circles (Figure 2) and consider 
two classes of individuals, Swedes and Protestants. We shall now 
imagine that all the Swedes in existence are herded inside the 
left-hand circle; no one else and nothing else is allowed within 
that circle. Into the right-hand circle all Protestants are herded; 
no one else and nothing else may enter. In region 1 of this dia- 
gram we now shall find Swedes who are not Protestants, if there 
are any. In region 2 we shall find Swedes who are Protestants. 
In region 3 of the diagram we shall find Protestants who are not 
Swedes And in region 4 will be all persons and things that are 
neither Swedes nor Protestants. 

We now consider the I sentence ,9 ^ p 

“Some Swedes are Protestants”. To f { * / / 

illustrate what it says, we put an 
asterisk in region 2 to indicate that 

this region is not empty (Figure 3). I: Some S are P 
This picture indicates that region 2 is Figure S 
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0 : Some S are not P 
Figure 4 


occupied by at least one thing, and so 
it exhibits exactly the information 
conveyed by the I sentence, no less 
and no more. All other regions are 
blank in the diagram, indicating that 
the I sentence tells ns nothing about 
wbetber they are vacant or occupied. 
Note that this one diagram serves to 



A: Alls are P 

Hypothetical viewpoint 
Figure 6 



E; No £» are P 

Hypothetical viewpoint 
Figure 6 


represent the I sentence, whether we 
are considering it from the existential 
or from the hypothetical viewpoint. 

Using the same method, we can 
illustrate what the O sentence says 
(Figure 4). Here the asterisk in 
region 1 means that there is at least 
one thing that is an 8 but not a P . 
This diagram serves for both the hypo- 
thetical and the existential viewpoint. 

Diagrams also can be drawn for 
the universal sentences. Here we 
shade a region to indicate that it is 
empty. The A sentence says that 
there are no 8’b that fail to be P’s; 
from the hypothetical viewpoint, "^6 
leave it an open question whether 8 s 
exist (Figure 5) . The E sentence says 
that there does not exist any 8 that is 
a P; from the hypothetical viewpoint 
we leave it an open question whether 
there exist any S’s (Figure 6). But 
from the existential viewpoint, . ive 
take it for granted that there does 
exist at least one 8 (Figure 7). 
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A: All 5 are P E; No /S' are P 


Existential viewpoint 

Figure 7 


DISTRIBUTION OP TEEMS 

The notion of distribution of terms in categorical sentences is a 
bit of medieval logical lore which will be useful to us later on. 
Traditional definitions of this notion were rather unsatisfactory, 
but we may redefine it as follows: A term S occurring as the 
subject of a categorical sentence is said to be distributed in that 
sentence if and only if the sentence, in virtue of its form, says 
something about every hind of S. Similarly, a term P occurring as 
the predicate of a categorical sentence is said to be distributed in 
that sentence if and only if the sentence, in virtue of its form, says 
something about every kind of P. 

A more rigorous formulation of the definition of distribution is 
as follows: Suppose that T is a term which occurs as subject or predicate 
in a categorical sentence s. Where T' is any other term, let s' be the sen- 
tence that is exactly like s except for containing the compound term 
T' & T, where $ contains T. Now, T is said to be distributed in 5 if and 
Only if, for every term T', a logically implies 

To see the meaning of this definition, consider an example. Suppose 
that T were the term "prohibitionists" and a were the sentence "Some 
seamen are not prohibitionists". Then if I* were the term "rich”, s' 
would be the sentence “Some seamen are not rich prohibitionists”. To 
say that T is distributed in a is to say that every sentence of the form 
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■■Some seamen are not . . . prohibitionists” is f. 

Old-fashianed logic books do not explain the notion o£ dmtnbu 
tion in this way. They usually say that a term in a eategonca 
sentence is distributed ii and only if the sentence ‘refers to aU members 
of the class of things to which the term applies. But this explana- 
tion is obscure and misleading. The sentence “All eqmlateral triangles 
are equiangular triangles” ‘refers to’ all equilateral triangles, and since 
necessarily these and only these are equiangular triangles, the sentence 
would appear to ‘refer to’ all equiangular triangles also. Thus, accord- 
ing to the old-fashioned account, it would seem that the predicate oug 
to count as distributed in this A sentence. The predicate m not considered 
to be distributed, however, and this iUnstrates one unsatisfactory aspect 


o£ the old-fashioned explanation of distribution. 

Another unsatisfactory aspect of the old-fashioned account is that 
it is unclear in its treatment of the predicate of the 0 form. To claim^ 
that the sentence “Some seamen are not prohibitionists” ^refers to 
all prohibitionists is to make an obscure and unsatisfactory claim. The 
notion of ‘reference’ employed in this old-fashioned account is too hazy 
to bo respectable. 


Consider the sentence “All Slavs are promiscuous persons”. 
This sentence says something about every kind of Slav; young 
Slavs, old Slavs, male Slavs, female Slavs, blond Slavs, dark Slavs, 
and so on. Thus the subject term “Slavs” is said to be distributed 
in it. However, the sentence does not say anything about every 
kind of promiscuous person ; it speaks only of Slavish ones and 
tells us nothing about non-Slavish kinds of promiscuous persons. 
Tims the predicate term is undistributed. In this A sentence the 
subject is distributed and the predicate is undistributed. 

Consider next the sentence “No Slavs are promiscuous per- 
sons”. Here again our sentence says something about every kind 
of Slav ; it says that large ones, small ones, fat ones, slim ones are 
none of them promiscuous. And this sentence, though more 
indirectly, says something about all kinds of promiscuous persons ; 
concerning promiscuous persons, uhethor gay or sad, wise or 
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foolish, it says that none of them are Slat-s. Thus hoth the subject 
and the predicate of this E sentence are distributed. 

Now consider the sentence “Some Slavs are promiscuous 
persons”. This sentence does not say anything about every land of 
Slav it speaks only about such of them as are promiscuous. 
NrUller does it say anything about every kind of P™— 
person; it speaks only about such of them as are Slavs. Thus 
L this I sentence neither the subject nor the predicate is dis- 

''“ally, consider the sentence “Some Slavs are not promiscu- 
. TTere again nothing is said about every kind of 

zreZ;.,?..!-;.-— 

plies that some Slavs are no Thus in this 

rir — i. 

holds true in general, in a ^ . .. a„y E sentence 

tributed and the predicate is "bated, 

both subject and predicate are dis ^ ^ sentence the 

thersubjectnor predicateisdi^ib^^^^^ 

subject is not distribute u or the hj-pothctical 

pret sentences as distribution is concerned, 

viewpoint makes no di remember tlmt 

One way of '•'“omben E distributed, while in 

in any universal sentence distributed. Another wav 

any negative sentence the pre mnemonic word 

of remembering them is 
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“AsEHitOp”, which means that in A the subject is distributed, 
in E both subject and predicate, in I neither, and in O the predi- 
cate. 

THE SQUARE OP OPPOSITION 

Suppose that we hare categorical sentences o£ different forms hut 
with the same subject and the same predicate. 'What logical 
relations will hold among them? Let us take, for example, the 
four sentences “All Samoans are pantheists”, “No Samoans are 
pantheists”, “Some Samoans arc pantheists”, and “Some Samoans 
are not pantheists”. "We want to consider how these sentences are 
related. 

First, let us see how these sentences are related to one another 
when we take for granted that there are Samoans (the existential 
viewpoint) If it is true that all Samoans are pantheists, then 
(since we take for granted that at least one Samoan exists) it must 
follow that some Samoans are pantheists. Thus the A sentence 
implies the I. On the other hand, that some Samoans are pan- 
theists does not guarantee that all of them are (since some might 
be and some not). Thus we can fully describe the relation be- 
tween A and I by saying that A implies I but I does not imply A. 

Similarly, if it is true that no Samoans are pantheists then 
(since we take for granted that there are Samoans) it must fol- 
low that some Samoans are not pantheists Thus the E sentence 
implies the O. However, that some Samoans are not pantheists 
does not guarantee that no Samoans are (for perhaps some of them 
are and some are not) . Thus we can describe the relation between 
E and O by saying that E implies O but O does not imply E. 

As for A and E, neither implies the other. But if we take for 
granted that there are Samoans, it cannot be true both that all 
Samoans are pantheists and that no Samoans are pantheists ; that 
is, A and E cannot both be true. Might A and E both be false? 
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Surely, for if some Samoans are pantheists and some are not then 
neither A nor E is true. Thus the relation between A and E may 
he deserihed hy saying that they cannot both he true hut they may 
both he false. The traditional way of referring to this relation- 
ship was to call A and E contrary sentences. 

The relationship between I and O is different hut analogous. 

Neither implies the other. Both may be t™e. . 

granted that Samoans emst, then I and O cannot both he f s 
if there are Samoans, then either some of them are “ 

some of them are not pantheists (or perhaps both)_ Thu I 
O are related in such a way that they cannot both be false, 
although they may both be true. The traditional way of referring 
to this relationship was to call I and O s« con rar . 

Now consider the relationship between A and O. If it is true 

that all Samoans are 

;reL:r "he tme that some of a-. - 

w,, 1. « I. ™ -• -.m. 

must he false that all Samoans ar , 

Samoans are not pantheists, then it mus cannot both he 

are. Thus A and O cannot both be „„ 

false; they are opposite as regards ‘'"f -djalsit,. 

ealled contradictories, or .° ^ ^„j. that, it E is 

Similarly, E and I j „„3t be true. E and 

true, I must be false and, 

I are always opposite ns regard 

they too arc contradictories o enc i o arranged in tradi- 

ionrd logic Wk, often do .npl.'. .noUwr ie to ^n.v 

In the strict sense, to s.ny tanl o 
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Square of Opposition 

Existential viewpoint: We presuppose that at least one S exists. 

A; Alls are P-« Contraries ► E: No S are P 

(Cannot both he true 



I: Some S are P-^ — Suheontraries 0: SomeS 

(Cannot both he false are not P 



rigure 8 


that, if the first is true, that alone is sufficient to guarantee that the secon 
must necessarily he true also A does not imply I nor does E imply 0 m 
this strict sense. These pairs of sentences involve implication only m 
the looser sense that, if the existential presupposition is true, then if A 
is true I must be true; and if the existential presupposition is true, then 
if E is true 0 must be true. 

Similarly, to say that two sentences are contrartes in the strict 
sense is to say that it is logically impossible for them both to be true. 
A and E are not contraries in this strict sense. They are contraries 
only in the looser sense that, if the existential presupposition is true, 
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then A and E cannot both be true. Also, I and 0 are subeontraries 
only in a corresponding loose sense. 

To say that two sentences are contradictories in the strict sense is 
to say that one asserts just what the other denies, no more and no less. 
As we have been understanding them, A and 0 are contradictories 
in this strict sense, as are E and I. 

If we had regarded the existential assumption, that at least one 
S exists, not as a presupposition but as part of the meaning of each 
categorical sentence, the situation would have been different. Then A 
would have been understood as meaning “If anything is an S, it is a P, 
and there is at least one S”, and E would have been understood as mean- 
ing “Nothing is both an S and a P, and there is at least one S”; I and 0 
would have remained unchanged in meaning. Under these circumstances, 
A would not have been the contradictory of 0, for A would have asserted 
more than what 0 denies, since A would contain the assertion that there 
exists an S, an assertion not denied by 0, for 0 merely denies that there 
exists an S that is not a P. Also, I and 0 would not hove been sub- 
contraries, for it would have been possible for them both to be false, as 
would happen if nothing is an S, Because these consequences ore incon- 
venient, wo shall regard the existential claim not as part of tlie meaning 
of categorical sentences but rather as a presupposition that underlies 
our discussion of their interrelations. 

So far, we have considered the square of opposition arranged 
on the presupposition that the things wc speak about do exist. It is 
iRtpcttsnt tc consider niec Itovr the fear cstcgeric,^! farms ^ire 
related to one another if we do not presuppose the existence of 
anything. Let us consider the relations among the sentences “All 
Buccubi are poltergeists”, “No succiibi arc poltergeists”, “Some 
Buccubi are poltergeists”, and “Some succubi arc not poltergeists”. 
Here we do not w’ish to exclude the possibility that succubi may 
not exist. 

Under these circumstances, A and O .still ore opposite ns 
regards their truth and falsity ; A says evnctJy what O deiiie''. ami 
so they are contradictories. E and I arc contradictories nl^o. for 
what E saj*s is again exactly what 1 denies, no less and no 


more. 



so 


The Elements of Logic 


But A is not related to I nor is E related to O in the way they 
were before. Now A does not imply I, for it is possible that A 
might be true and I false. If 8*s do not exist, then there are no 
S that fad to be P, and so A is true but I is false. There is now 
no logical connection between A and I; knowledge of the truth or 
falsity of one of these sentences does not enable us to know whether 
the other is true or false. Similarly, E does not imply O, for E 
could be true but O false; this would happen if S’s do not exist, for 
in that case it is true that no 8 are P but false that some 8 are 
not P, There is no logical connection between E and O. 

Also, A and E no longer are contraries. No longer is it 
impossible for them both to be true, for these sentences are both 
true if there are no S at all. 'When nothing is an 8, there certainly 


Square of Opposition . 


Hypothetical viewpoint; We do 
not presuppose that any S exists. 



Contradictories 



Tignre 9 
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are no S that fail to be P and there are no S that are P; ftus both 
the A and E sentences are true, from this hypothetical viewpom . 
There is no logical connection now between A and E ;.^OEn^e 
truth or falsit y of one of the gLdoegJSLggM^atoigj^^ 
or falsi^^^flh; other. Si^dl^, I and O^may both be felse, and 
so they no longer arc sjrbcpntraries. I says that there is at leas 
one S that is P, while O says that there is at least one 8 that i 
not P; both these sentences are false if there are no S^ at all. Thu 

there is no logical connection between I and . sauare 

The result is that from the hypothetical viewpoint the square 
me resun la /TPlanre 9^ Only the diagonal 

of opposition looks very different (Figu 
relationships are left in the diagram; the others do not hold. 


Exercise 5 


In each case, (a) suppose true or that the 

true. Can you then about the seconit 

second is false, or can you / ^ 

(b) Suppose you hnow tha P Suppose you know 

can you i”f^’-Jf^^''^^''^^,^ltZnyouinferregardingm 

that the second IS true. Wna ^ f„ue What can you 

(d) Suppose y™ any places where it makes 

infer regarding the first. existential rather than the 

a difference whether you adopt the existene 
hypothetical viewpoint in this exerc 

Some reptiles are not amphibians. 

No reptiles are amphibians. 

,, fhP Della Robbias are in terra cotta. 

rsLSrby th^ Bella Bobbias are in terra cotta. 

some Plays that Sbaltesp^e^"^^^ 

plays that Shakespeare 

: No natives of Ceylon arc Tamila. 

Tamils. 
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5 Some motor cars are not air-coolcd. Some motor cars are air- 

cooled. 

6 All bishops are priests. No bishops are priests. 

IMMEDIATE INFERENCE 

Next we shall consider some important relationships between pairs 
of categorical sentences that do not have exactly the same subjects 
and predicates. The operations involved here have traditionally 
been called immediate inferences, because they correspond to 
simple, immediate types of argument in which only one premise 
yields the conclusion. 

Conversion 

A simple way to alter a categorical sentence is to make the 
subject and predicate trade places. This is conversion, and the 
new sentence obtained by this operation is called the converse of 
the original sentence. (It is sometimes called the simple conveise, 
to contrast it with the converse by limitation which will be 
discussed presently.) Let us consider bow the meanings of the 
various forms of categorical sentence are affected by conversion 
Suppose we start with the E sentence “No syllogisms are 
perplexing things”. ‘When subject and predicate trade places, 
ve get the converse “No perplexing things are syllogisms”. A 
pair of Venn diagrams may help us to see how the original and its 
converse are related (Figure 10; in the diagram we adopt the 



No S are P No P are S 

Figure 10 
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No S are P 
Figure 11 


8 


No P are 8 



P 


liypothetical viewpoint). Two sentences are said to be equivalent 
if they are necessarily alike as regrards truth or falsity. Here the 
diagrams are oust the same, showing that the E sentence and its 
converse are equivalent. 

A different diagram is needed for the existential viewpoint 
(Figure 11) but, according to this diagram too, the E sentence is 
equivalent to its converse. However, we must be careful to keep 
our existential presuppositions constant throughout a discussion, 
for if, in using the first sentence, we presupposed that 8 exist but 
did not presuppose that P exist, while in using the second sentence 
we presupposed only that P exist, then the two diagrams would not 
be alike. 

The I sentence “Some syllogisms are perplexing things" has as 
its converse the sentence “Some perplexing things are syllogisms’*. 
Here again it is clear that conversion has not changed the 
meaning of the sentence: the I and its converse are equivalent, as 
the diagrams (Figure 12) show, whether considered from the 
hypothetical or from the existential viewpoint. 


(S)' ■(© 


Some 8 are P 


Some P are 8 


Figure 12 
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All S are P All P arc S 

Figure 13 

Next let us consider the A sentence “All syllogisms are 
perplexing things”. When subject and predicate trade places, "we 
obtain the converse “All perplexing things are syllogisms”. Has 
conversion altered the meaning of the sentence? From the 
diagram (Figure 13) it is clear that conversion has completely 
changed the meaning of the A sentence} the converse is an 
independent sentence that says something entirely different from 
■what the original sentence said. In this pair of diagrams the 
hypothetical viewpoint has been adopted, but we get the same 
answer if we use a constant existential vie'v\'point. 

Finally, if we convert the O sentence “Some syllogisms are 
not perplexing things”, we obtain “Some perplexing things are not 
syllogisms”. Here too it is clear from the diagram (Figure 14) 
that the original sentence and its converse are not equivalent, 
whether •we picture them from the hypothetical or from the 
existential viewpoint. 

What holds good in this example holds good in general. 
We can sum up by saying that any E or I sentence is equivalent 

•QD' ■(©' 

Some 8 are not P 
Figure 14 


Some P are not S 
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to its converse, whereas no A or O sentence is equivalent to its con- 
verse. Another way o£ describing the matter is to say that when 
subject and predicate in the original sentence are alike as regards 
distribution (either both distributed or both undistributed) then 
the converse will be equivalent to the original sentence, but when 
the subject and predicate in the original sentence differ as re- 
gards distribution then the converse will not be equivalent to the 
original sentence. 

Conversion 'by Limitation 

Although an A sentence is not equivalent to its simple 
converse, we can validly derive from the A sentence another 
sentence in which subject and predicate have changed places; this 
is a feeble substitute for a converse, and it is called the converse by 
limitation (or the converse per accidens). This new sentence will 
be an I. From “All syllogisms are perplexing things” we may 
validly derive “Some perplexing things are syllogisms” (Figure 
15 ) . This process is legitimate only from the existential viewpoint. 
Moreover, the converse by limitation 5s not equivalent to the 
original sentence but is merely implied by it. 

P 

All 5 are P Some P are j? 

Existential viewpoint 

Figure 15 

Ohversion 

The operation of conversion has the disadvantage that we 
cannot alnays convert a categorical sentence without changing its 



GD 

Some P are 8 
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All 8 are P 



P 



No 8 are nonP 

(There are no 8 outside P circle.) 


rigure 16 


meaning. Obversion is an operation free from this disadvantage. 
However, it involves a slightly more complicated alteration. To 
form the obverse of a categorical sentence we do two things: "We 
change the quality of the sentence, and we negate the predicate. 

Suppose we start with the A sentence “All saints are puri- 
tans”. This is a universal affirmative sentence, and so to change its 
quality we must make it into a negative sentence. ^Ve leave the 
quantity unaltered, thus obtaining a universal negative sentence, 
that is, a sentence of the E form. Also we negate the predicate, 
replacing it by its contradictory “nonpuritans”. The subject we 
leave unaltered. Thus we obtain the new sentence “No saints are 
nonpuritans”, which is the obverse of our original sentence. Here 
we can see (Figure 16) that the A sentence and its obverse are 
equivalent. Tbis is so whether we picture them from the hypotheti- 
cal or from the existential viewpoint. 

If we start with the E sentence “No saints are puritans”, we 
form its obverse by changing the quality from negative to 
affirmative and by negating the predicate. Thus we obtain the 
obverse “All saints are nonpuritana”. Here again we can see from 
the diagram (Figure 17) how the original sentence and its obverse 
are equivalent; we see this whether we picture them from the 
hypothetical or from the existential viewpoint. 

If we start with the I sentence “Some saints are puritans' , we 
form its obverse by changing it from particular affirmative to 
particular negative and negating the predicate. We obtain “Some 
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8 


No S are P 



P 


rigure 17 



All 8 are nonP 
(All 8 are outside P circle.) 


saints are not nonpuritans”. It is clear (Figure 18) that this is 
equivalent to our original sentence. 

Finally, if we begin with the O sentence “Some saints are not 
puritans”, we change from particular negative to particular 
affirmative and negate the predicate, thus obtaining the obverse 
“Some saints are nonpuritans”. In this case the obverse is so very 
similar to the original sentence that it almost looks as though no 
change had taken place. But a change has taken place^ for we 
consider the obverse to be in I form and to have the negation as 
part of its predicate, while the original sentence is in O form and 
has the negation as part of its copula. When we write such 
sentences, it will help to avoid confusion if "non” is always used to 
express negation that belongs to the predicate or subject and "not” 
is reserved to express negation that is part of the copula. 


•(©' 'CD' 

Some S are P Some S are not nonP 

(Some 8 are not outside P circle.) 

rigure 18 
Coufraposition 

Suppose we start with an A sentence "All S are P” and obvert 
it into "No S are nonP”, then convert that into "No nonP are S”, 
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and finally obvert that into "All nonP are nonS". These steps are 
performed in sneh a way that each new sentence is equivalent to 
the previous one. The final result is equivalent to the original, and 
it is related to the original in a way interesting enough to have a 
special name. “All nonP are nonS" is called the contrapositive oi 
“All S are P”. A briefer way of describing how the contrapositive 
is obtained is to say that the subject and predicate of the original 
sentence trade places and each is negated. As we sec, with the A 
form, the contrapositive is equivalent to the original. 

With the E form, this process of obverting, converting, then 
obverting again cannot be carried out without changing the 
meaning ; the second step would involve converting an A sentence, 
and an A is not equivalent to its converse. If the original E 
sentence were “No S are P”, its contrapositive would be “No 
nonP are nonS”; this is not equivalent to the original. 

If we start with an I sentence, obvert it, then convert it, and 
obvert again, we would likewise find that the meaning is changed. 
In this case the second step would involve converting an O 
sentence, and the O is not equivalent to its converse. Thus the I 
sentence “Some S are P” is not equivalent to its contrapositive 
“Some nonP are nonS”. However, if we start with an O sen- 
tence, we can obvert, convert, and obvert again without altering 
the meaning. The O sentence “Some S are not P” is equivalent to 
its contrapositive “Some nonP are not nonS”. 

Thus we see that, while conversion preserves the meanings of 
E and I but not of A and O, contraposition preserves the meanings 
of A and O but not of E and I. 

Symmetry of These Relations 

It is worth noticing that the relation between any categorical 
sentence and its converse is a ^rmmetrical relation : If sentence r is 
the converse of sentence g, then sentence q is the converse of 
sentence r. That is to say, if we obtain r by transposing the 
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subject and predicate of g, then -were we to start with r and 
transpose its subject and predicate the result would be q. ^ 
Similarly, the relation between any categorical sentence and 
its obverse is a symmetrical relation. If r is the obverse of g, then 
q must be the obverse of r. For example, if q is “All 8 are P’\ 
its obverse r is "No S are nonF”. What is the obverse of rf If 
we change the quality and negate the predicate of r, we get “All 8 
are non-nonP”, and, letting the double negation in the predicate 
cancel out, we have “All 8 are P”, which is g. (This sort of double 
negation cancels out, bat ire must beware of supposing that two 
negatives of different types always cancel one another. For 
example, “No nonS are P” is not equivalent to “All 8 are P”.) 

Also, the relation between a sentence and its contrapositive 
is symmetrical. If r is the contrapositive of g, then g is the 
contrapositive of r. For instance, if g is “All 8 are P”, then r, its 
contrapositive, is “All nonP are uon^”. But what is the con- 
trapositive of rf If we transpose the subject and predicate of r 
and negate each of them, we obtain "All non-noni? are non- 
noiiP”; letting the double negations within the terms cancel out, 
have “All 8 are P", which is exactly g. 

The relation between an A sentence and its converse by 
limitation is not a symmetrical relation, however. Instead it is 
asymmetrical. If r is the converse by limitation of g, then g never 
is the converse by limitation of r. 

Exercise 6 

State in each case how the conchtsion is related to the 
premise {converse, obverse, etc.), and indicate whether the ar- 
gument is valid, mahing clear any existential presuppositions 
that may be required. 

1 All birds are flyers. Therefore, all flyers are birds. 

2 No pigs are swimmers. Hence all pigs are nonswimmers. 
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3 No baboons are members of the Senate. Therefore no members 

of the Senate are baboons. 

4 Some hyenas are not courteous creatures. Therefore some 
courteous creatures are not hyenas. 

5 Some snails are not speedy. Therefore some snails are non- 
speedy. 

6 No elephants are unintelligent. Therefore, all elephants are 
intelligent. 

7 Some uninteresting things are not unimportant. Therefore 
some important things are not interesting. 

8 All illiterates are uninformed. Hence, all t\1io are informed 
are literate. 

9 All tricks are fair in love and war. Hence some things fair m 
love and war are tricks. 

By means of what operation or sequence of operations can (b) 
he derived from (a) ? Make clear any existential assurnpUons. 

1 (a) No teenagers are registered voters 

(b) All registered voters are nonteenagers. 

2 (a) Some stars are enormously hot bodies. 

(b) Some enormously hot bodies are not nonstars. 

3 (a) No Greek epics are poems on the subject of courtly love, 
(b) Some poems on the subject of courtly love are not Greek 
epics 
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6 (a) Xo animals indigenous to Australia are mammals. 

(b) Some animals indigenous to Australia are nonmammals. 

THE SYIjLOGISM 

The categorical syllogism is a particularly familiar form of 
reasoning, valuable because arguments encountered in ordinary 
discourse can very frequently be analyzed in terms of it. An 
argument is a categorical syllogism (or syllogism, for short) if and 
only if it consists of three categorical sentences containing three 
terms in all, each term appearing in two different sentences. The 
argument “AH Pakistanis are ^lohammedans; no Sinhalese are 
ilohammedans ; therefore no Sinhalese are Pakistanis” is an 
example of a syllogism; it consists of three categorical sentences 
that contain three different terms, each term appearing in two 
different sentences. 

The term appearing as the predicate of the conclusion (in this 
ease “Pakistanis”) is called the major term of the syllogism; the 
term appearing as subject of the conclusion (in this case “Sin- 
halese”) is called the minor term of the syllogism; and the term 
appearing in the premises but not in the conclusion (in this case 
“Mohammedans”) is called the middle term. The premise contain- 
ing the major term is called the major premise, and the premise 
containing the minor term is called the minor premtsc. For the 
sake of having a standard procedure, let ns always put the ma- 
jor premise first, then the minor premise, and last the conclusion. 

In order to describe fully (he logical form of a syllogism, we 
need to specify the forms of the categorical sentences in it, and we 
need to specify how the terms are arranged in these sentences. 
The example just given is a syllogism whose logical form may be 
exhibited as follows: 

All P are Jf 
Ko S are Jlf 
.. no S are P 
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To give the mood o£ a syllogism is to state the categorical 
forms of its sentences. We mention these in the standard order : 
major premise, minor premise, conclusion. In onr example of a 
syllogism, its major premise is an A sentence, its minor premise is 
an E, and its conclusion is an E; therefore this particular 
syllogism is in the mood AEE. 

But there is more to say about its form, for other different 
syllogisms can share with it this mood AEE. For instance, a 
svlldgisni also is in the mood AEE i£ it has the structure 

All M are P 
No S are M 
no S are P 

But this sort of syllogism differs from the previous example in an 
important "way because of the different arrangement of its terms; 
one syllogism is valid, the other invalid. To specify fully the 
structure of a syllogism, we must say how its terms are arranged 
within the sentences in which they occur. This is called giving the 
figure of the syllogism. 

There are four possible arrangements, four different figures, 
of syllogisms "We can represent these four figures as follows: 

12 3 

M P PM M P 

8 M S M MS 

S F S F S F 

It is easy to remember which figure is which if we think of the 
positions of the middle term as outlining the front of a shirt collar 
(Figure 19) . The first form of syllogism we considered was AEE 

1-2 3 4 

P 31 M P P 
S S M M S 8 



rignre 19 
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in the second figure; the second form -was AEE in the first 
figure. 

How many different kinds of syllogisms are possible! There 
are four possibilities as regards the form of the major premise (A, 
E, I, O), four possibilities as regards the form of the minor 
premise, four possibilities as regards the form of the conclusion, 
and four possibilities as regards the figure of the syllogism. This 
means that there are 4 X 4 X 4 X 4, or 256, possible forms in 
all. 

How can we tell t\hether a given form of syllogism is valid! 
Venn diagrams provide the most straightforward method. The 
method is this : We draw a diagram showing exactly what the two 
premises of the syllogism say; then, by looking at it, we can see 
whether or not the conclusion necessarily follows from those 
premises. 

The syllogism Pakistanis are Mohammedans; no Sin- 
halese are Mohammedans; therefore no Sinhalese are Pakistanis” 
is in the mood AEE and in the second figure, as we saw. To test 
its validity, we form a diagram showing exactly what the premises 
say. Since the premises contain three terms, the diagram must 
show relations among three classes of beings, Pakistanis, Sinhalese, 
and Mohammedans (Figure 20). 

We now imagine that all Mohammedans are herded inside the 
M circle, no one else and nothing else being allowed inside it; all 
Pakistanis are placed inside the P 
circle, no one and nothing else being 
allowed there ; and all Sinhalese are 
herded inside the S circle, no one and 
nothing else being aUowed there. We 
must be sure to begin the diagram by 
drawing three circles that overlap in 
such a way as to allow for all possible 
subclasses formed by these three ^ven riguro 20 
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rigure 21 


classes. The circles must overlap so 
as to yield eight distinct regions on 
the diagram, for there are eight dis- 
tinct subclasses which we must be able 
to represent. 

^ Begion 1 of the diagram is the 

location of Mohammedans ^ho are 
not Sinhalese and not Pakistanis. 
Begion 2 ■would contain Mohammed- 
ans who are Sinhalese hut who are not Pakistanis. In region 3 
Mohammedans who are Sinhalese and also Pakistanis ■would he 
found. Region 4 would contain Mohammedans who are Pakistanis 
hut not Sinhalese. Region 5 is the location of Sinhalese who are 
neither Mohammedans nor Pakistanis. Region 6 is for Sinhalese 
who are Pakistanis but not Mohammedans. Region 7 is the place 
for Pakistanis who are neither Sinhalese nor Mohammedans. And 
region 8 is occupied by those who are neither Mohammedans nor 
Sinhalese nor Pakistanis. 

The major premise of our syllogism declares that all Paki- 
stanis are l\Iohammedans. This means that all who are inside the 
P circle are inside the 1/ circle, that is, that the part of the P circle 
outside the M circle is unoccupied. "We indicate this on the 
drawing by crossing out regions 6 and 7 (Figure 21). The minor 
premise of the syllogism declares that no Sinhalese are ]\Ioham- 
medans. This means that all who are inside the 8 circle are outside 
the M circle ; that is, that part of the S circle that is inside the M 
circle is unoccupied. We indicate this by crossing out regions 2 
and 3 (Figure 22). We now have a diagram that shows exactly 
what the premises say, no more and no less.® 


2 The premises here have been eonudered from the hypothetical viewpoint 
rather than from the esiatential viewpoint If one is in doubt about which 
viewpoint is more appropriate in a given case, it is better to choose the 
hypothetical, as one then can be confident that one is not reading too much 
into the argument. 
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"We now inspect the diagram to 
see whether or not the condnsion 
validly follows from the premises. 

According to the diagram, all that 
part of the S circle which overlaps 
the F circle is unoocnpied; that is, 
there are no Sinhalese who are Pakis- 
tanis. This means that the conclusion rignre 22 
validly follows from the premises; 

if the premises are true, the conclusion must necessarily be true 



also. . 

Next let us consider the syllogism “All Moslems are po yg- 
amous persons; no Samoans are Moslems; therefore Samo^^ 
are polygamous persons”. This syllogism is m the mood AEE and 
in the arst dgure. To test its validity, we again draw a diagram 
that will show exactly what the premises say. The major prem 
tells us that whatever is inside the M circle is mside the P circle 
that is, that the part of the M circle " 

unoccupied. Accordingly we cross out regions 1 and 2 F g 
23) The minor premise tells us that nothing inside the S circle 

. ** I.. «'• » •“ s 

' A .inil cn WP to our Dj 

thp M circle is unoccupied, ana so we duu 

tne M circle ^ o 24). Here the completed 

ir r;the syljsm IS invalid, for according to the 


diagram there may or may not be no 
Samoans who are polygamous per- 
sons. 

Using the same method, we can 
deal with the syllogism “No primates 
are marsupials ; some salamanders are 
marsupials; therefore some salamau- 
ders are not primates”. This sj’l o- 
gism is in the mood EIO and in the 


M 



rignre 23 
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The best way to draw the dia- 
gram is to use a bar instead of an 
asterisk. We draw a bar touching 
region 5 and region 6 but no other 

regions (Figure 27) ; this we interpret 
to mean that there is something some- 
where in that space touched by the 
bar. Thus, according to the diagram, 

there may or may not be sergeants _ 

who are pusillanimous ; when the premises 

imp W^e see by the diagram 
of the syllogism may or may not be true. 

that this AOO first-figure syllogism is invaUd. 



Tignre 27 


Exercise 7 

determine tke mood and figure of eack of iU foU^ ^ 
logism. and test tke vaimy of each ly means of a Venn 

gram. 

• ctoriGS Soni6 novels by 

1 All novels by Faulkner ^r OT Therefore, some novels 

Faulkner are novels set in Mississipp^ 
set in Mississippi are gripping stones. 

g AH ifiiimpansees that can^l^ - — I; 

iTce “‘verity presidents are not chimpanzees that can 
speak. 

3 Some lizards arc not dormice, since no dormice are reptiles, 
and some reptiles arc lizards. 

f Russia arc United States citizens. Thcrerorc, 

4t Some natives of Russm art 
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in .od>eral t.n.es each valid for™ of thoT:t' 

the votrels .n the name the first figure was called 

figure was called “Barlara” and rn th o^ 

ocolorcnt” In traditional were used 

Viewpoint always was adopted Some Im 

to help students rememher the names of the valid for 

Barbara, Celarent, Darn, Fenoqoe prions, 

Cesore, OamcslrM, resimo, Boroco seeundae ; 

Tcrtia DarapU, Bisamis, Datisi, Felapton, 

Bocarda, Fertsor, hahet , quarta insuper addit 
Bramanltp, Camenes, Dimarts, Fesapo, Frestson 

These lines omit ^AI ™d EAO as 

second, and AEO in the fourt i„mcians They called these 

valid, were loohed down a particular con- 

‘weakened’ forms, hecauso in ^ universal conclusion can 

elusion is drawn from premises ,i,„„~ht it pointless to get a 

I, ,..ia b. .b.™ tb "™“ 'i” 

far better to remember how .potme them But, on the 

Venn diagrams provide one met o or 

b.„ .. ~ ..bi i™ •< 

require pencil and paper syllogisms obey 

syllogism, we can detect certain rules that 

One set of rules are these 

I in any valid syllogism the middle term is distributed at least 

. Tnly valid syllogism no term is distributed in the conclusion 
unless it IS distributed ^ 

3 No valid syllogism has tw = premise if and only if rt 

4 Any valid syllogism has one negative p 
has a negative conclusion 
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^me..ativcs of Russia ara natives of Europe, sinee some United 
States citizens are natives of Europe. 


6 N'omink-lined sneakers are pood buys. Some in«penBi« ^ 

tides are not pood buys. Therefore, some mmk-hned sneak 
arc not inexpensive articles. 


rules or THE SYLLOGISM 

Venn diaprams provide an efficient and pencral method 
determining the validity of any syllogism. If rve rrerc to constr^ 
a Venn diagram for each of the 64 possible sets of i>remiscs t » 

2:16 possible types of syllogism ean have (a tedious but instruc > 
exercise), we srould find that the following fifteen forms, base 
on the notions of mood and figrrre explained on page 62, arc sa 
from the hypotlictical viewpoint. 


riB^re 1 

Tigtire 2 

Tigure 3 

ritarc 4 

AAA 

EAE 

lAI 

AEE 

EAE 

AEE 

An 

1 lAl 

An 

EIO 

OAO 1 

EIO 

EIO 

AOO 

EIO 



These fifteen forms arc also valid from the existential 
From the existential victvpoint nine additional forms are 


rir^rc 1 

rigw 2 

rignre 3 

rignre 4 

Presnppesitloo 

AAI 

AEO 


AEO 1 

S exist 

EAO 

EAO 






AAI 

EAO 

21 cxi**- 


1 

EAO 






AAI 

r cxi»t 
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it is illicit process of the major if the major term is distributed ,n 
the conclusion but not in the major premise, and it is ilhcrt process 
of the minor if the minor term is distributed in the conclusion but 
not in the minor premise. No special names need be given to 

violations of the other rules. ^ 

Old-fashioned boohs usually give also the rule A syllogism 
must have only three terms”. Violation of this rule was called the 
fallacy of four terms It is not necessary to include this rule, since 
it is part of the definition of a syllogism that it must have jus 
three terms. The faUacy of four terms is a special kind of 
equivocation (which will he discussed m Chapter 5). 

The set of rules stated above has been chosen so as to 
constitute a brief and easily remembered criterion for ^e « 
of syllogisms. It is instructive to see how further 
deduced from the initial set of rules. For example, if we wish to 
prove that no valid syllogism has two particular premises, we can 

'"'irposfrkere wereavalidsyllogism having two partieu- 

buppose tnac ^ sentences, or 

lar premises ; its i is excluded by 

(2) two O sentences, or (3) an I ana an ^nwhpre be 

rule I, since in two ^ ^ 

distributed. Case 2 is exc u y ^ ^ ^ negative 

the conclusion to be negative, acc o major 

sentence the predicate is distributed, so t^et by ru^2 t ^^^J 
term would have to be distributed ,n ^ 

.lelthemiddl^rmaho^^^^^ 

only one distributed term a nndistributed middle or 

for it would commit either Hence the rules implr 

the faUacy of illicit process^of t^ 
that there can he no 
premises. 
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5 No syllogism valid from the hypothetical viewpoint has two 
universal premises and a particular conclusion 

If we studied the list of valid forms (which we can justify by 
appeal to Venn diagrams) , we could prove that each of these rules 
is correct Old fashioned books on logic used to state such rules 
without saying anything about how proof of them could be given 
But these rules are not self evident and call for proof , using 
sixty four Venn diagrams would be a straightforward way of 
proving them 

By studying the list of valid forms, w e also could prove some 
noteworthy facts about this specific set of rules Bach of the first 
four rules states a necessary condition for the validity of a 
syllogism regarded from the existential viewpoint , taken together, 
the conditions stated in these first four rules constitute a sufficient 
condition’ for the validity of a syllogism regarded from the exis 
tential viewpomt Moreover, each of the five rules states a neces- 
sarj condition for the validity of a syllogism regarded from the 
hypothetical viewpomt, taken together, these five rules constitute 
a sufficient condition for the validity of such a syllogism 

Once we have con-vmced ourselves of these rules, we may use 
them instead of Venn diagrams for checking the validity of specific 
syllogisms To use the rules in testing the validity of a syllogism, 
we simply observe whether the syllogism breaks any one of the 
rules , if it breaks a rule, it is invalid whereas if it does not break 
any rule, it is valid A syllogism that violates the first rule is said 
to commit the fallacy of undistributed middle A syllogism that 
breaks the second rule is said to commit a fallacy of illicit process , 

» By Baying that B 19 a necessary eondittoo for C, ive mean that nothing 
19 a caso of C without being a caae of B By saying that B 13 a 8 upict€’>t 
condition for C, we mean that anything that la a case of B is a case of C 
For example being at least thirty years old is a necessary hut not a sufficient 
condition for being a United Slates senator And eating a pint of arsenic 
IS a sufficient hut not a necessary eoadition for dying 
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it is illicit process of the major if the major term is distributed in 
the conclusion hut not in the major premise, and it is ilhmt process 
of the minor if the minor term is distributed in the conclusmn but 
not in the minor premise. No special names need be given to 

violations of the other rules. 

Old-fashioned books usually give also the rule A 
must have only three terms”. Violation of this rule was ca led the 
fallacy of four terms It is not necessary to include this rule, since 
it is part of the definition of a syllogism that it must ha™ jus 
three terms. The fallacy of four terms is a special kind 
equivocation (which will be discussed in Chapter 5). 

The set of rules stated above has been ^ J “ 

constitute a brief and easily remembered criterion for ^ « 
of syllogisms. It is instructive to see how further rules can be 
deled from the initial set of rules. For example, if we wish o 
prove that no valid syllogism has two particular premises, we can 

reason as follows : , . v • ~ tiorfioii- 

o, 

rule 1, since in two “‘Ij^'case 3 would require 

distributed. Case 2 is exo u y ^ ^ ^ negative 

the conclusion to be negative, acc » , 2 the major 

sentence the predicate is distributed, so ^^at by r^e 2 ‘he m J 

term would Have to be f-^::::ZlZloc^crc 
rule 1 the middl^term also ^ for both the major and the 

in a premise, i et it is i nremise contain 

middle term to be distributed,mn™^^^^^^^ 

only one distributed term a „ n„aistributed middle or 

for it would commit either Hence, the rules imply 

the fallacy of illicit process ^ ^ 

that there can be no vaim sj 
premises. 
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Exercise 8 

Identifij the mood and figure of each syllogism. Test its va- 
Udity hy a Venn diagram. Then check your answer ly the 
rules of the syllogism, and name any fallacy committed that 
has a name. 

1 All juveniles are ineligible to vote. No persons ineligible to 
vote are eligible to be elected to the school board Hence, no 
juveniles are eligible to be elected to the school board. 

2 All frogs are amphibians. Hence, some amphibians are not 
delicious to eat, since some frogs are not delicious to eat. 

3 All advocates of socialism are radicals Some members of the 
Canadian C.C.F. party are radicals. Therefore, some mem- 
bers of the Canadian C.C.F. party are advocates of socialism. 

4 No Christians are polytheists, since no Methodists are poly- 
theists, and all Methodists are Christians. 

5 No cars made in the United States are ears with front-wheel 
dri\e. Some cars widely sold in the United States are not cars 
made in the United States. Therefore, some cars with front- 
wheel drive are widely sold in the United States. 

6 Some plays of Shakespeare are histories. No plays commonly 
read in high schools are histories. Therefore some plays of 
Shakespeare are not commonly read in high schools. 

7 Some people who never read books are college graduates. 
Some college graduates are well-educated persons. Hence, 
some well-educated persons are people who never read books. 


8 No incubi are poltergeists. All succubi are incubi. Therefore, 
some succubi are not poltergeists. 
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only io tUe first fionr rules of iU 
that the following generalizations hold true of all syllogisms 
that are valid from the existential viewpoint. 

1 If one premise is partionlar, the conclusion is particular. 

2 In the first figure the minor premise is affirmative. 

3 In the first figure the major premise is universal. 

4 In the second figure the conclusion is negative. 

5 In the second figure the major premise is universal. 

6 In the third figure the conclusion is particular. 

7 In the third figure the minor premise is affirmative. 

8 If the major term is the predicate of the major premise, then 
the minor premise must be affirmative. 

9 In the fourth figure, if the conclusion is negative, the major 
premise must be universal. 

10 In the fourth figure, if the minor premise is affirmative, the 

conclusion must he particular. 

. 1 1 first four syllogistic rules to answer the 

Appeal only to the ^ J t ,aoh case. 

following gueshons. dive a p i 

■t »nv is the middle term distributed m 

1 In what syllogisms, if any, is 

both premises? 

. • Info nil four rules at once? 

2 Can an invalid syllogism violate al 

w nf rules that an invalid syllo- 

3 “What is the maximum num 
gism can violate at oncet 

„ of distributed terms can there be 

4 Hmv many more than there are in its con- 

in the premises of a valid sy = 

elusion ? 
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5 In -wliat valid syllogism is tlie major term distributed in the 
major premise but not in the conclusion? Prove that there is 
just one such syllogism. 

6 Can a syllogism be valid from the hypothetical viewpoint but 
not from the existential viewpoint? Explain. 

TRANSLATING INTO CATEGORICAL TORM 

So far, we have considered ways of dealing with immediate 
inferences and syllogisms that are stated in standard form. Very 
often, however, the arguments met in ordinary discourse are not in 
standard form, and our logical techniques do not apply to them 
until we translate them into standard form. For one thing, 
ordinary arguments usually contain sentences that are not cate- 
gorical sentences. We cannot begin to apply what we know about 
the syllogism to such arguments until we have first translated the 
sentences into equivalent categorical sentences. Any sentence can 
be translated into categorical form if we exercise ingenuity, and 
there is always more than one correct way of doing this.* Skill at 
making these translations is useful, for logical relationships 
between sentences generally are easier to see after the sentences 
ha\e been expressed in standard categorical form. 

First let us examine some of the simpler kinds of cases. 
‘ Jaguars are all fast cars” becomes "All Jaguar cars are fast 

<Some philosophers, such aa Bertrand Russell, have believed that every 
assertion has just one essential logical form. They have held, for instance, 
that a sentence such as “Brutns betrayed Caesar” cannot legitimately 
be regarded as having the logical form of an A sentence; they maintain 
that this kind of example is essentially relational in form and that the only 
legitimate nay of analyzing it is according to the relational style, which 
wo shall discuss in Chapter 4. Bnt this attitude is misguided. It ia only 
in the context of a specific argument that we can say that a sentence ought 
to be analyzed as, say, relational rather than categorical. In some other 
argument the same sentence might properly be analyzed in the opposite 
fns'iion. 
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ears”. (Note that it tvould be misleading to use ^r jlation 

“All Jaguar cars are fast things”. Here t e tvor , , 

meaning that is comparative; Jaguars are fast or 
they are not fast compared with things like ,et planes, rod ts ^ 
rays of light.) "Baboons never are courteous" becomes No 
rays oi «Thpre are abstemious Vir- 

baboons are courteous creatures . In 

ginians” becomes "Some Virginians are abstemious persons In 
Lh case we try to construct in categorical form a new sentence 

that is strictly equivalent to the 

Sentences containing the verb "to be” in the P"se 

futuretensecanbeputintocategoricalformbymovingt^^^^^^^^^^^ 

, n'hn<i “Some Elizabethans were 

verb into the predicate, Elizabethans are people 

lovers of bear baitmg ® spaniels will be 

who were great lovers of bear g . are creatures 

elected to Congress” can become^ how, 

that will be elected to Congres . . , ^mjerstood in a 

in a categorical sentence, the_eoEiia is 

te nseless se nse. Also, sentences whose mam ; t^e 

th-^^^^I^an be put into categorical £«- b^ ^ 

, . . tIiik; “No fly becomes No pigs are uj- 

verb into a noun. Thus P= 
and “Some men enjoy croquet can becom 

enjoyers of croquet”. “naesar conquered Gaul” 

Sentences like "Ohio is a state single 

are called singular sentences eca is a state” into “AU 

individual thing. Vre kind of copula (with 

Ohio is a state” be>=ause this a 

"aU” the copula should be are / ,.-,3 of Ohio are states 

general term. To translate it t.^oslate it is 

would be to alter the meaning. _ identical to Ohio are 

this : “Ohio is a state” can becom ^ categorical form that 

states”. Thus we get a as regards truth or 

necessarily agrees with t e identical to Ohio (that is, 

falsity, since one and only one thing m 
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Ohio itself). Similarly, "Caesar conquered Gaul” can become “AH 
persons identical to Caesar are conquerors of Gaul”. This some- 
what cumbersome style of translation is required only for singular 
sentences, however ; it would be pointless to translate "All Jaguars 
are fast cars” into "All things identical with Jaguars are fast 
cars”. 

Sometimes we meet sentences that contain no specific indica- 
tion as to quantity. Occasionally such sentences are really 
ambiguous, but more often if we think about them we have no 
trouble seeing that they mean one thing rather than the other. 
Thus, someone who says "Bachelors are unmarried” surely means 
"All bachelors are unmarried persons”; but someone who says 
"Visitors are coming” surely means "Some visitors are people 
coming”. Similarly, "An elephant is a pachyderm” surely means 
"All elephants are pachyderms” ; but “A policeman is at the door” 
means “Some policemen are persons at the door”. 

Another sort of ambiguity can occur when the w'ord "not” is 
inserted in the middle of a universal sentence. "All my students 
are not lazy” might mean "All students of mine are people who are 
not lazy" ; or it might mean "It is not the case that all my students 
arc lazy”, that is, "Some students of mine are not lazy persons”. 
These two meanings are very different, and so we must distinguish 
bct^^een them; ^^hen vc meet a sentence constructed in this 
ambiguous way we simply have to guess what is in the speaker’s 
mind. 

Sentences containing the words *‘only” and "none hut” must 
be handled carefully. Thus, "Only men attend Calvin Coolidge 
College ’ docs not mean that all men are attendees of Calvin 
Coolidge College; \\hat it means is "All persons vho attend C.C.C. 
arc men”. Similarly, "None but women study nursing” does not 
mean that all ^^omen study nursing; it moans "All persons '"bo 
study nursing are women”. In general, "Only S are P" means 
"All P are S”, and "None but S are P” also means "All P arc S • 
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But “only some” has a meaning different from “only” by 
itself; thus “Only some students at the university attend the 
college” means “Some university students are attendees of le 
coUege and some university students are not attenders of he 
college”. In the same vein, “All except employees are el.g.ble 
means “AU nonemployees are eligible”, and it suppers, although it 
does not necessarily say, that no employees are eligible. Similar y, 
“Anyone is eligible unless he is an employee” means All no - 
employees are eligible”; it too suggests, although it does no^ 
necessarily say, that no employees are eligible. I- ^ ^ 
“All except S are P” and “Anything is P unless it is S mean 

“^^TforsfnLcesthatlooh quite unliheeategoricalsen^ 

we may have to devise entirely new terms before we can put to 
into categorical form. The sentence “menever i P ” e 

does not appear to be categorical, but if we think of it ^ ^ 

wehavetobealerttotheintendedmeaningsofse— 

for “Wilbur always sleeps » is 
times when Wilbur is sleep g 

“All times when Wilbur probably does not 

Similarly, “She goes gP,3 ^.ith him”; much 

mean “All places places she goes with 

more likely it means All places ue b 

him”. fbpse is necessary as a 

Working out translations reasoning. But 

preUminary to the j],at it encourages us 

it also has an additional inte ec ^ ordinary sentences 

to learn to understand more accurately what 

are saying. 
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Exercise 9 

Translate each of the folloiving sentences into categorical 
form, interpreting its meaning in the way most likely to he 
intended. 

1 No one is always happy. 

2 Lead is always heavy. 

3 At least one kind of metal is liquid. 

4 There aren’t any of my friends that I won’t help. 

6 There are honest politicians. 

6 A Scout does a good deed every day. 

7 Blessed are the peacemakers. 

8 He who takes up the sword shall perish by the sword. 

9 All marriages do not end in divorce. 

10 Fido barks. 

11 None but the lonely heart can know my sadness. 

12 Only a woman would drive like that. 

13 "Whenever I think of Karl ^larx I grow angry. 

He jests at scars who never felt a wound. 

16 No friend is better than a fair-weather friend. 

16 The unexamined life is not worthy to be lived by man. 

SOCRATES 

17 He who knows only his own side of the case, Icnows little of 

that. JOHN STUART iimi* 

18 "Whosoever loveth me loveth my hound, sir thomas more 



‘ Th© Traditional Iiogic of Categorical Sentences 


79 


In each case, (b) is a proposed translation of (a) into categoric 
cal form. Decide whether each translation rs correct. If any 
is incorrect, explain why. 

1 (a) American ^rships are in the Mediterranean 

(b) All American warships are things in the Mediterranea . 

2 (a) Only the brave deserve the fair. 

(b) All brave persons are deservers of the air. 

3 (a) A Great Dane is a big dog. 

(b) All Great Danes are big dogs. 

4 (al Every mistake is not due to ignorance. 

(b) All mistakes are things not due to ignorance. 

7 (a) It is sharper than a serpent's tooth to have an ungrate- 

ful child. pTiildren are persons who 

(h) All persons t-mg teeth, 

suffer more sharply than ao xn 

8 (a) He and she do ebbing togethen^ 

(b) All things are things ne au 

TEANSLATINO INTO SYLLOGISTIC TOEM 

ifT hp interpreted as syllogisms. 
Not all arguments ean proper ^ pe analyzed 

However, many arguments no in That is, their 

for validity by being translated into equivalent 

premises and conclusions ad ^ ° validity of these 

sentences that constitute , syllogisms into which 

arguments stands or falls wi a into standard 

they are translated. By translating sneli 
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syllo"istio form, we make it easier to test their validity by means o 
Venn diagrams, and we make it possible to test their validity y 
means o£ the rules o£ the syllogism. 

There are two different respects in whieh an argument that 
can be translated into a syllogism may at first fall short o£ being 
in explicit syllogistic form. The argument may at first contain 
sentences that are not categorical sentences, or it may at first 
contain more than three terms. We have already discussed trans- 
lating sentences into categorical form. Now we must consider 
how to deal with syllogistic arguments that contain too many 
terms. 

Suppose ■we have an argument that is like a syllogism (that is, 
it contains three sentences and talks about just three classes of 
things) but contains too many terms, some of these terms, however, 
being negations of others. "Whenever this happens, we can use 
immediate inference to eliminate some of the terms, replacing the 
original sentences by equivalent new ones. For instance, the 
argument "No millionaires are paupers ; no stars of television are 
nonmillionaires; therefore no stars of television are paupers” as it 
stands is not in syllogistic form. But we can put it into syllogistic 
form without difficulty once we notice that two of its terms are 
negations of each other. The easiest thing to do is to obvert the 
second premise. We then obtain "No M are P; all S are M, 
therefore no S are P”. This syllogism is EAE in the first figure, 
and since it fulfills all the rules, it is a valid syllogism. 

Notice that it would have been an error to have called the 
original argument invalid because it contains two negative prem- 
ises. The rule that an argument with two negative premises is 
invalid applies only to syllogisms in standard form. We must 
translate this argument into syllogistic form before we attempt to 
judge it by means of the rules; when we put it into syllogistic 
form, we find that it is valid. 

Immediate inference allows us to reword an argument so as to 
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reduce the number of terms, when some are negations of each 
other. But sometimes a deeper rewording of the argument m 
required, if we are to put it into sj-Uogistie form. Where this is 
so we must he judicious about selecting our terms, trying to word 
it so that we have just three terms in all, each of which appears 
in two different sentences of the argument. For ‘"Stance 
argument "The ear doesn’t start easily when the temperature i 
bcLw zero; it will he below zero tomorrow, and so ^ 

have trouble starting" does not look much like a y . . j 

can put it into syllogistic form if we select our terms ,u— 1^ 
One way of doing it is this: "All days when the tem^rature fa^^ 
below zero are days when the ear does not start “ ^ ^ ^ 

identical to tomorrow are days when the 

zero; therefore, all days identi.l . — ^ dfst 

car does not start easily . He 

figure. 


Exercise 10 

Put each of 

1 mmis All who are not Mormons are 

1 Some Mormons are Polye'*'”'’®- polygamous. 

not saints. Therefore, some saints are po y„ 

•* • ai Tt is not the case that no Meth 

2 All Methodists are ,;„„ors are puritanical. 

odists are sinners. some salamanders are 

3 All primates are marsupial . , ; onsalamander. 

nonprimates, since every marsupial 

• Some senators are married. Theretor , 

4 No priest IS married, borne se 

some who are not priests are sena ves are 

.iriotic Only those who are not slaies are 

5 All Mexicans are patriotic. ■ jic 

Mexicans. Thus, no slaves are patriotic. 
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6 Some Sumatrans Tvere not loyal to President Sukarno even 
tkougli they did not favor the regime of Dr. Sjafruddin 
Prawiranegara. The proof of this is that none of the followers 
of Colonel Barlian favored the regime of Dr. Sjafruddin 
Prawiranegara, yet not all the followers of Colonel Barlian 
were loyal to President Sukarno. 

7 Only an idiot would drink paint thinner. But "Wilbur is an 
idiot, and so he would do it. 

8 "Wherever the soil is very acid, flowers will not grow. But 
flowers grow beautifully in your garden, and so the soil cannot 
he very acid there. 

9 You cannot convict somebody of murder just on circumstan- 
tial evidence. There is nothing but circumstantial evidence 
against the butler. Thus the butler cannot be convicted of 
murder. 


BELATED TYPES OP ARGUMENT 

The Sorites 

We can make use of what we know about syllogisms in order to 
analyze arguments that consist of chains of syllogisms. When an 
argument has more than two premises, sometimes two of the 
premises can be combined to yield a syllogistic conclusion that, 
when combined with another premise, yields a syllogistic conclu- 
sion that, when combined with another premise, . . . yields the 
flnal conclusion. An argument of this type is called a sorites 
(from the Greek word for a pile). In order to show that a sorites 
is valid, we must show how it is possible to pass, by means of a 
series of valid syllogistic steps, from the premises to the conclusion. 
We use our ingenuity in order to fit together the links of the 
chain, testing each link by means of a Venn diagram or by the rules 
of the syllogism For example, consider the argument: 
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Some of my uncles are really worth liatening to on miUtaiy sn^ec s. 
No one can rememher the battle of San Jnan HiU ^ ^ ^ 
No one is reaUy worth listening to on military subjects unless he 
remember the battle of San Juan Hill. 

Therefore, some of my uncles are very old. 


( 1 ) 

(2) 

(3) 

(4) 


This can be symbolized: 

Some U are IF 
All 22 are 0 
All IF are R 
Therefore some U are 0 

Here (1) and (3) 

AH in the first figure whose conelusio , 

then be combined with (2) to mahe a ° 

All in the first figure whose conclusion is 

that the original premises validly y*® ® establishing the 

The method just employed ,s a method for est^ ^ 

validity of a valid sorites. Suppose howe ^ premises to 

we try to pass, by means of jead us to 

the oonolnsion but do not our failure does 

suspect that the sorites is mv , Derhaps we simply 

not definitely prone that the sorites is invalid , pe^ P ^ 

have not been ingenious ^^.,0 to investigate 

invalid by using onr “® premises might be combined, 

every possible sequence m sequences validly 

and we would have to show 
yields the conclusion. 

FurtJier Uses of ^rtrsMed into syllogisms or 

Some arguments that can ^3 tested by means of 

into chains of syllogisms can neve detest Tchai- 

Venn diagrams. Consider ^ ,^„tli) : some who detest 

kovsky admire either Bach or Jloaart to 



84 


The Elements of Logic 


Tchaikovsky do not admire Morart ; therefore, not all jho ad 
Bach admire htaart”. Here rre have an argument rvhmh . not 
valid as a syllogism, for if we think of the argument as “nta 

just three terms, its premises are not all in categonea 

if we think of its premises in categorical form, there are oo ma 
terms. But we would be too hasty if we assumed this argument to 
he invalid just because it is not a valid syllogism ; this argumen is 
not supposed to be a syllogism. It is the kind of argumen , 
however, whose validity can be tested by means of a Venn diagram, 
since it deals with just three classes of individuals and makes 
appropriately simple assertions about them. AVe shall indicate o 
the diagram exactly what the premises say ; then by inspecting the 
diagram we shall be able to tell whether the conclusion follows. 

Here we need three circles representing, respectively, those 
who detest Tchaikovsky, those who admire Bach, and those who 
admire Mozart. The first premise declares that all individua s 
inside the DT circle are either inside the AB or inside the At 
circles ; that is, there are none inside the DT circle but outside both 
AB and AM circles (Figure 28). The second premise makes the 
added claim that some individuals inside the DT circle are outside 
the AM circle (Figure 29). Inspecting the diagram, we see that 
the conclusion that not all inside the AB circle are inside the 
circle validly follows from these two premises. 



Jigure 28 


Figure 29 
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Exercise 11 

Use appropriate methods to establish the validity of the argu- 
ment or to answer the question in each ease. Is there any case 
where the result depends upon whether the existential rather 
than the hypothetical viewpoint is adopted! 

1 Some people are tolerated in poUte society even ttagh Hteir 
manners are not beyond reproach. No one iS tolerated in poht 
society tvho insists upon drinking the blood o£ infants. All 
ivereivolves insist upon doing Just that. T>iere£ore -me 
people tvhose manners are not beyond reproach are not nere- 

wolves. 

2 All the bright students who get high "*1 

Some students who get high grades ", 

working. Therefore, some students who get high grades 

hard-working. 

3 No one plays the harpsichord unless he is an " 

dolphins are intellectuals, hut they 

thoL who can read music play the harpsichord. Therefore, 
dolphins do not play the harpsichord. 

4 Every Cypriot is either Turkish ” "y riotsTe 

Turkish Cypriots. Therefore, some non-Turkish Cyp 

Greek. . 

5 The regulations of Calvin Coolidge College contain these 

quirements : 

All students must take logic. , „ 

All premedical students a, ealculus. 

No one may take physics Io„ie. 

Only those who do not take theca ra u y = 

Would you advise a young man who wants 
enroll at Calvin Coolidge College 1 

6 Derive from these three sentences a 

lows only from all three sentences together. 
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Feathers o£ the moa bird cannot be bought for money. 
Nothing is sold by harrow boys but what can be had for a song. 
Anything can be bought for money that can be had for a song. 

7 Derive a valid conclusion using all these premises: 

Any person likely to cause trouble in cramped quarters is dan- 
gerous aboard a space capsule. 

Infants are always noisy. , 

AU distracting companions are likely to cause trouble in 
cramped quarters 

No one who would be dangerous aboard a space capsule is suit- 
able as an astronaut for the trip to the moon. 

Any noisy person is a distracting companion. 

Translate each argument into the form of a syllogism or son 
ies, and test its validity. 

1 Some . . , have . . , expressed themselves in a manner « • 
of imagining the ■whole of virtue to consist in singly aiming, 
according to the best of their judgment, at promoting the hap- 
piness of mankind in the present state ; and the "whole of vice in 
doing what they foresee, or might foresee, is likely to produce 
an overbalance of unhappiness in it : than which mistakes, none 
can be conceived more terrible. For it is certain, that some of 
the most shocking instances of injustice, adultery, murder, 
perjury, and even of persecution, may, in many supposable 
cases, not have the appearance of being likely to produce an 
overbalance of misery in the present state; perhaps sometimes 
may have the contrary appearance. 

BISHOP BUTLER, Analogy of Rehg^on 

2 How can anyone maintain that pain is always evil, if he admits 
that remorse is painful yet is sometimes a real goodT 

3 Speculative opinions . . . and articles of faith . . • 'ffhich 
are required only to be believed, eannot be imposed on ony 
church by the law of the land. For it is absurd that things 
should be enjoined by laws which are not in men’s power 
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perform. And to believe this or that to be true does not de- 
pend upon our will. IiOckb, A Letter Concerning Toleration 

4 Philosophy must possess complete certitude. For since phi- 
losophy is a science, its content must be demonstrated by in- 
ferring conclusions with legitimate sequence from certain and 
immutable principles. Now, that which is inferred by legiti- 
mate sequence from certain and immutable principles is 
thereby certain and cannot be doubted. . . . Hence, since 
there is no room for doubt in philosophy, which is a science, it 
must possess complete certitude. 

WOLFF, 'Preliminary Discourse on Philosophy in General 

5 The governments, not only the military ones, but the govern- 
ments in general, could be, I do not say useful, but harmless, 
only in case they consisted of infallible, holy people. . . . But 
the governments, by dint of their very activity, which consists 
in the practice of violence, are always composed of elements 
which are the very opposite of holy, — of the most impudent, 
coarse, and corrupted men. For this reason every government 
... is a most dangerous institution in the world. 

TOLSTOI, “Patriotism and Government” 



3 . The Logic of Truth Functions 


ARGUMENTS CONTAINING COMPOUND SENTENCES 

We may think of every argument as having two parts. One 
consists of those words which make up its logical skeleton, that is, 
its logical form, or structure; the other part consists of those words 
which are the flesh with which the skeleton is filled out and clothed. 
For instance, (1) is an argument, and (2) is its logical skeleton : 

All spiders are eight-legged. (1) All . . . are ### 

No wasps are eight-legged. No***ar8 ### 

Therefore no wasps are spiders. .'.no***are . . . 

In argument (1) the words “all”, “no”, and “are” make up 
logical skeleton, while the words “spiders”, “wasps”, and “eight- 
legged” are the flesh with which the skeleton happens to he filled 
out. Notice that (1) is a valid a^ument ; it is valid "because (2) is 
a valid kind of skeleton. To say that (2) is a valid kind of skeleton 
or logical form is to say that any argument having this same form 
will have a true conclusion if its premises are true. That is, 
5S 
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whatever word or phrase we insert for whatever word or 

phrase we insert for “###”. and whatever word or phrase we in- 
sert for we never can turn (2) into an argument having true 

premises but a false conclusion. ^ 

AU the arguments dealt with in Chapter 2 had one importan 
feature in common. They all were Uke (1) in that their logical 
skeletons had gaps that were to he filled by single words ” 
which we called general terms and symbolized by means of capita 

letters. However, not aU arguments are like this. 

argument (3) and its skeleton (4) : 


### or . . . (4) 
Not### 


This is a wasp or this is a spider. (3) 

This is not a wasp. 

Therefora this is a spider. 

Argument (3) is valid too. but notice the 
and (2). The gaps in skeleton (4) must be filled not by sing^ 
uords or phrases but by whole sentences, n argumen (3) «i 
sentences which happen to fill these gaps are " 

a wasp” and “This is a spider”. Notice also ‘hat m ana^ ng h 
argument we must think of the first premise ^ ^ ^ 

sentencebutratherasacompou« 

in this way can we see wha 

now become acquainted wit arguments whose fleshly 

that contain compound senten » 

parts are whole sentences. 

NegaUon ^ eompound sentence is by 

The simplest way that” The sentence "It is 

prefixing the words “It is sentence, for it 

not the case that wasps are spi “Wasps are spiders”, 

contains within itself the the latter 

say that the rpe'^ed Ltcacl = “Wasps are 

sentence The single u or 
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not spiders” is anotter way of expressing 

are spiders”. But notice that the word “not ts - ehabl ^ 

formingnegationsasisthephrase-Itisnottheoasethat . Some 

wasps L not spiders” is not the negation of “Some wasps are 
spiders”; the negation of the latter sentence should be express 
“It is not the case that some wasps are spiders”, and that 
equivalent to “No wasps are spiders”. 

Since the negation (also ealled the contradictory) of a given 
sentence should deny just what the sentence says, no less and no 
more, it is clear that the negation of the negation of a sratence wi 
be equivalent to the original sentence itself. This provides us wi 
one extremely simple form of argument that involves negation 
only. From now on, in representing the forms of oompoun 
sentences, we shaU stop using cumbersome dots, dashes, an 

asterisks; instead, we shall use the letters “p , 9 , and r ,whi 

are to be thought of as doing just the same job, that is, marking 
places "wliere sentences may be filled in. 


e.g., It is not tlie case that -wasps are not insects^ 


DOUBLE NEGATION 

Not (not p) 

7\p Therefore wasps are insects. 

Notice, bowever, that -we cannot use the principle of double 
negation indiscriminately to cancel out negations. From It is not 
the case both that there -will not be rain and that there will not b 
snow" we are not entitled to infer “There will be rain and. tber^ 
will be snow”. This is an example of a misuse of the principle o 
double negation. 


A MISUSE OP DOUBLE NEGATION 
Not (not p and not q) 

. . p and q 

Here the mistake is that our premise is the negation of an 
sentence rather than the negation of a negation. To avoi 
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mistakes like this, we need to pay close attention to the logical 
forms of the expressions with which we deal. The position of a 
negation can make a great difference to the meaning. As another 
example, we have to distinguish among 


Not (p or q) 
Not p or g 
Not p or not q 


e.g.. It is not the case that it will either rain or snow, 
e.g.! It will not rain or it will snow, 
e.g.. It wUl not rain or it will not snow. 


Here are three different forms of sentence ^ 

different things. They arc not equivalent; that is, thj do not 
necessarily need to he alike as regards truth or falsi y. 


disjunction is symmetrical, in the sense that p or 9 " ^ 

eqLlent to "q or p”. We can rewrite our earlier skeleton (4) 

■using letters : 


DISJUNCTIVE ARGUMENT 

also : p or g 
not q 


p or g 
Not p 


e.g., It ■will rain or it 'will snow. 

It will not raiin 

Therefore it will sno^ 


g^hese forms of disjunctive argument ^ 
second premise tells us tn 

follows that the other componen -^en 

Sometimes there is an both". This is 

wesay -p or q”, -“etimes we mean^ P o 

called the eiclusiue sense .p],ls is the nonrroiiKii'c 

q”, we mean “p or q or perhaps ° gentleman says to a 

.sense of “or”. In ordinary oonvcrsation, B 
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lady in a tone o£ acquiescence “ITl buy you a Cadillac or a mink 
coat”, he is surely using “or” in the nonexclusive sense, since she 
cannot accuse him of breaking his promise if he should give her 
both. Cases of the exclusive sense of “or” occur, though more 
rarely. If a father says to his child in a tone of refusal “I U take 
you to the Zoo or to the beach”, then the father can be accused of 
breaking his word if he talces the child both places. 

Ordinarily, unless we have some reason to the contrary , "we 
shall interpret the word "or” in the nonexclusive sense so that we 
can be sure of not taking too much for granted. Therefore, we 
regard the following two forms of argument as invalid: 

INVALID DISJUNCTIVE AROUIIENTS 

P or g p or g Q.g., Mary will sing or play- 

p g She will sing. 

. .notg , . not p Therefore she will not play* 

These forms would be valid if “or” were understood in 
exclusive sense, but they are invalid when "or” is understood in the 
commoner nonexclusive sense. 

Conjunction 

A compound sentence consisting of two simpler sentences 
linked by the word “and” is called a conjunction. Sometimes, as m 
the sentence “They got married and had a baby”, the word “and JS 
used to mean “and then”. But other times, as in the sentence I 
like cake and I like candy”, the word “and” is simply used to 
together two assertions. This latter sense of “and” is the more 
important one for logic. "When “and” is used in this w'eaker 
sense, conjunctions are symmetrical j that is, “p and q” is 
equivalent to “g and p”. In English, various other words, such as 
“but” and “although”, often do essentially the same logical job as 
“and”. One absurdly simple but perfectly valid form of conjune 
live argument is this : 
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VALID CONJUNCTIVE 

p and g 


AEGUMENT (simplification) 

e.g., It will rain and snow. 
Therefore it will ram. 


The following examples are a more interesting kind of valid 
conjunctive argument. 


VALID CONJUNCTIVE 

Not (p and g) 

P 

.‘.notg 


arguments 

e.g., He will not give her both gems and a car. 

He is giving her gems. 

Therefore he will not give her a car. 


Not (p and g) 

5 

.’.notp 


e.g., It wUl not both rain and snow. 
It will snow. 

Therefore it will not rain. 


The following forms, however, are invalid: 


INVALID CONJUNCTIVE 

Not (p and g) 

Not p 
g 

Not (p and g) 

Not g 
• • P 


arguments 

e.g., Joe and Ted won’t both come. 

Joe won’t come^ 

Therefore Ted will come. 

e.g., He won’t give her both leve and money. 

He won’ t give her money. — ^ 

Therefore be'U give her love. 


Conditionals sentence involves the 

Another important ot c P 

word “if”. A sentence ^ ^ ^ 

by the word “if" (or by the wor follows 

a conditional, or hypotheUca , sen , „„d the part 

the “if” is called the antecedent of J 

that follows the "then” is called the conscsnenf. 
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ditional sentences may be formnlated in a variety of " 
be equivalent to “if” sentences. Consider the following formula 
tions aU of which are equivalent: 


If Jones is a senator, then he is over thirty. 

If Jones is a senator, he is over thirty. 

Jones is over thirty if he is a senator. 

Jones is over thirty provided he is a senator. 
Jones is a senator only if he is over thirty. 
Jones is not a senator nnless he is over thirty. 
Unless he is over thirty Jones is not a senator. 


If p then q 
If p,q 
qifp 

q provided p 

p only if q 
Not p unless g 
Unless q, not p 


Here, in each sentence, “Jones is a senator” is the antecedent, an 
“Jones is over thirty” is the consequent. Each of these equivalent 
sentences claims that the antecedent expresses a sufficient conditmn 
for the consequent (being a senator is sufficient to guarantee being 
over thirty) and claims that the consequent expresses a necessary 
condition for the antecedent (being over thirty is necessary to 
being a senator). 

If the antecedent and consequent trade places in a condi- 
tional sentence, we obtain the converse of our original sentence. 
Thus “If Jones is over thirty, then he is a senator” is the con- 
verse of “If Jones is a senator, then he is over thirty”. Iii general, 
“if q then p” is the converse of “if p then g”. Clearly, the con 
verse is a new and different sentence that need not agree with the 
original as regards truth or falsity. 

If, in a conditional sentence, antecedent and consequent 
trade places and also each of them is negated, we obtain the con 
trapositive of the original sentence. “If Jones is not over thirty, 
then he is not a senator” is the contrapositive of “If Jones is a 
senator, then he is over thirty”. In general, “if not g then not p 
is the contrapositive of “if p then g”. The contrapositive always 
is equivalent to the original sentence ^ 

Now let us consider some arguments containing condition 


sentences. 
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MODUS PONENS 

If p then q 

V 

• • 3 


e.g., If Ted comes, Jim goes. 
Ted is coming. 
Therefore Jim is going. 


MODUS TOLLENS 

If p then q 
Not q 
. . not p 

Somewhat similar, 


e.g., If Ted comes, Jim goes. 

Jim is not g oing. 

Therefore Ted is not comllig 

but invalid,* is the following: 


FAIiLACT or AFFIRMING THE CONSE^UE^IT ^ 

It p then , e.g., If he wants to n.ae^_ n.e, heU. ^ve n.e nnnh. 


He is gi ving me mink. 

Therefore he wants to marry me. 


VALLAOT OP nENTIHO THE AKTEOEDEST 

If p then s '-B- « 

„ f The car does not run 

have gJf. 

, . not q 

second ; 

OHAIH AEGUMEHT (or hypothetical syllogism) 

Tf n e.g., If Hugo comes. Jay goes. 

If p then a .^ahnr goea 

If p then r * 

.We eay that argument. °f ‘his form are Sa^arguments 

rre are cons.aering ealy w iatLed as ss^acUce argowent. 

are not always fallaeious when t;, ptem.ses help to 

In inaucUve reasoning the spe ^ it may he legitima e 

n,ako his eonclns.on reasonable of th.s form and of 

this weaker claim aa^nctnely faUacious. 

Other forms that are classi 
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can also construct even longer d.ain 

of nremises. The one requirement for a \al 
argument is thafthe consequent of the first premise 
the antecedent of the neKt. the consequent of that prem 
antecedent of the next, and so on. ivhile the eonelus.on must ha e 
the first antecedent as its antecedent and the last consequent as 

Another style of argument involving a eonditoal premise 
goes hy the name of redwetio ad ahsttrdnm (Latin : rei uc 
the ahsurd”). Suppose, for example, that vre want to 
there is no largest integer (by an integer ive mean a post ii c ^ 
number) . We may reason as follows : If there is an integer ar ^ 
than every other integer, then (because adding one to it wil yic i 
still larger integer) it is not an integer larger than every o 
integer. From this it follons that there is not a largest integer. 


REDUCTIO AD AB3URDU1I 

e.g.. 

If p then not p 
. . not p 


If there is a largest integer, then there is 
not a largest integer. 


Therefore it is not the case that there is ■ 

larirpRf. IntePfiT. 


This style of reasoning may seem puzzling, because one is inclined 
to think that a sentence of the form "If p then not P 
something impossible, something necessarily false. However, 
is a mistake. A sentence of the form "If p then not p can 
well be true, but only if its antecedent is false. This is why 
reasoning is valid; The premise tells us that the truth 
antecedent would carry with it a consequent inconsistent w'l 
truth of the antecedent. Thus the antecedent is ‘reduce 
absurdity’, and this entitles ns to conclude that the anteceden 


Very similar is a kindred form of reducho ad aisurdnm^ 
argument where the premise is a conditional whose consequen 
contradiction; 
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REDUCnO AD ABSURDTTil (flWOffcCf /ofWl) 


If p then both 
q and not q 
. . not p 


i.g., If I get home before dark, then I'll both have 
traveled at 90 miles per hour (for it is 90 
miles, and one hour till dark) and not 
traveled at 90 miles per hour (for at that 

speed I’d crash b efore arriving). 

Therefore I won’t get home before dark. 


Here the premise is a conditional whose consequent is necessarily 
false, hut that does not prevent the premise as a whole from being a 
true sentence. The antecedent is ‘reduced to absurdity j this 
allows us to infer that it is false. 


Dealing with Examples . 

When we meet an argument that is expressed in ord.naiT 
language, we can try to translate it into one of fte standard 

forms with which we are now becoming ^ vTd 

exactly into one of these forms, we can then tell whether i 
For instance, we can handle an example as follows: 


► If H then (not J) 
■ B 


Hugo comes only if Jack does not come. ■ 

Hugo is coming. * 

Therefore Jack is not coming. 

Here the arrows merely connect each 

tion. we use capital letters - « 

shall not use the small letm|- 

particular sentences; they ^ 

logical forms.) This “'■e'"" ^ ^ conditional and its second 

ponens, because its first pr conditional while its 

premise is the same ns the an cc conditional. Since 

conclusion is the same as the “"“TUen of the co 

it is a case of modus ponens, we know that it m valid. 
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Here is another example: 

If John plays, Hugo danceS/ 

If John does not play, Mar y •will not 
Therefore Mary does not sing unless MEO dances. . >■ 



It jr then J 
If J then H 
•it M then u 


Here tre have replaced the second premise by its contraposi , 
letting double negations cancel out; also ive have changed th 
order o£ the premises. -\Ve are entitled to do these things, becaus 
replacing a premise by something equivalent to it does not attec 
the force of the argument, nor does rearranging the order of the 
premises. Since this argument is now in the standard form o a 


chain argument, we know that it is valid. 


The Dilemma _ , 

The dilemma is a type of argument that combines condition 
and disjunctive sentences in a special way, which we shall now 
illustrate. 


SIMPLE COKSTRXrCTlVE DILEMMA 

If p then q e g , If he gives her mink, he loves her. 

If r then q If he gives her a Cadillac, be loves her. 

jj or r He will give her either m ink or a Cadillac^ 

. . q Therefore he loves her. 


SIMPLE DESTRUCTIVE DILEMMA 

e.g., If he graduates, he ’ll have passed physics. 

If p then 4 If he graduates, he’ll have passed biology. 

If p then r Zither he won’t pass physics or he won 

Not q or not r pass biology. — i 

. not p Therefore he will not graduate. 


COMPLEX CONSTRUCTIVE DILEMMA 

e g.,If he proposes to Jane, Jane will marry hi 
If p then q If he proposes to Esme, Esme will 

If r then s Either he will propose to Jane or he w’ P 

p or r pose t o Esme. 

— g ors Therefore either Jane or Esme wiU marry 

him. 
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COMPLEX DESTRUCTIVE DILEMMA 

e.g., If he’s young, he’ll he handsome. 

If he ■ s rich, he ’U give presents. 

Either he won’t be handsome or he won’t 
give presents. 


If p then q 
If r then s 
Not g or not & 


.'.not p or not r 


Therefore either he’s not young or he’s not 
rich. 

Dilemmas have often been used by debaters, and they were a 

formidableweaponintberhetorieoftheancients. 0£tend.lemma 

whose overall logical form is valid contam og a 

flaws that prevent them from being good arguments. (This pou^ 
will be discussed in the section on pure fallacies in Chapt 
valid constructive dilemma is like a double use ^ 

While a valid of 

tollens. A dilemma is invalid if ^ resemoies 
affirming the consequent or of denying the antecedent. 

iHViLin niLUMMA he’ll pass 

It'he gete them all wrong, he’ll fail the test. 
TTe will either pass or fail. 

right or all the answers wrong. 

„ your opponent in a y — “ot rlf": 

conclusion you do not want tojie^P^^^^^ ^ dilemma’. If you 

you are said to be cang showing that the disjunctive 

sneeeed in ,^eape between the horns of the 

premise is not true, tnen 

dilemma’. 

Exercise 12 


If p then g 
If r then not g 
g or not g 
. . p or r 


Which of the following sentences are equivalent to "If Glows 

Ln he will bug her m,nk'f 


X If Clovisdoesn’tloveMavls.t.mn^^^^^^^^^ 

2 Clovis won’t buy Mavm mmk it 
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3 Clovis will buy Mavis mink unless he doesn’t love her. 

4 Clovis loves Mavis unless he isn’t buying her mink. 

5 Clovis isn’t buying Mavis mink only if he doesn’t love her. 

6 Clovis loves Mavis but he isn’t buying her mink. 

7 Clovis will buy Mavis mink provided he loves her. 

8 Clovis loves Mavis only if he’ll buy her mink. 

9 If Clovis is going to buy Mavis mink, he loves her. 

10 If Clovis loves Mavis, he’ll buy her mink. 

11 Clovis will buy Mavis mink if he loves her. 

12 Clovis will buy Mavis mink only if he doesn’t love her. 

13 In case Clovis doesn’t love Mavis, he won’t buy her mink. 

Abbreviate each argument using the suggested letters, trans- 
late it into some familiar form, and state whether it is valid. 

1 Either the fuel tank is empty or the gauge is defective. Since 
the gauge is defective, it follows that the tank is not empty* 
{T, O) 

2 The famous statue of David either is the work of Michelan- 
gelo, or it is by Cellini. But it certainly is not by Cellini* 
Therefore, it must be the work of Michelangelo. (M, G) 

3 Clovis is cither hard-working or else very lucky. He is hard- 
working. Ilence be is not veiy lucky. {H, L) 

4 Hugo is either lazy or stupid. But the fact is that he is not 
lazj'. Therefore, he is not stupid. (L, 8) 

6 Either Herbert will stop smoking cigars or his wife will not 
live w’ith him. His wife is not going to live with him. There- 
fore, he will not stop smoking cigars. (S, TT) 
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6 There was fog yesterday, or perhaps it was smoke. Tou^y 

there definitely was no fog! Then it must have been smoke. 
(P, S) 

, o.« -u 

since they are not going to play cranms, 

.... „ . (B, T) 


will play Tchaikovsky. 


remarried. (-R; R) 

invited to the ball. (RjR) 

,1 . 

your license has been revoked (1^, -KJ 


12 


13 


14 


^UUi. 

„ .. ». r ” 

•t+orl fo study the calculus only if he had 
Hugo would he permi permitted to 

already taken analytic geom y.^^ taken 

study the calculus, increior , 
analytic geometry. (0, ^1 

Yonr car is not safe to “ ,’lfe Sivt“ 

yonrcardoeshavegoodtires,andsoitissa 

Harry cannot get a J;;\“XeTce'‘aVlll. ^Th 
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3 Clovis wiU buy Mavis mink unless be doesn’t love her. 

i Clovis loves Mavis unless he isn’t buying her mink. 

5 Clovis isn’t buying Mavis mink only if he doesn’t love her. 

6 Clovis loves Mavis but he isn’t buying her mink. 

7 Clovis will buy Mavis mink provided he loves her. 

8 Clovis loves Mavis only if he’ll buy her mink. 

9 If Clovis is going to, buy Mavis mink, he loves her. 

10 If Clovis loves Mavis, he’ll buy her mink. 

11 Clovis win buy Mavis mink if he loves her. 

12 Clovis will buy Mavis mink only if he doesn’t love her. 

13 In case Clovis doesn’t love Mavis, he won’t buy her mink. 

Ablreviate each argument using the suggested letierSf <»*ans 
late it into some familiar form, and state whether it « ^ 

1 Either the fuel tank is empty or the gauge is defective. Since 
the gauge is defective, it follows that the tank is not emp y 
{T, G) 

2 The famous statue of David either is the work of Michelan 
gelo, or it is by Cellini. But it certainly is not by Ce 
Therefore, it must be the work of Michelangelo. 

3 Clovis is either hard-working or else very lucky. He is ha 
working. Hence he is not very lucky. {S, L) 

4 Hugo is either lazy or stupid. But the fact is that he is 
lazy. Therefore, he is not stupid. {L, 8) 

6 Either Herbert will stop smoking cigars or his wife 
live with him. His wife is not going to live with him. 
fore, he will not stop smoking cigars. {8, W) 
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6 There rvas fog yesterday, or perhaps it rvas smoke. Tou say 
there definitely was no fog? Then it must have been smoke. 

(P, S) 

7 The orchestra wiU not play both Bra^s and TchatovskT; 
since they are not going to play Brahms, it follows that 3 
will play Tehaikovsky. (B, T) 

8 It is not the case that Hugo would remar^ 

ting a divorce. Since he has not got a divorce, he has 

remarried. {R, R) 

9 Jasper will not be invited both to the dinne^ and to the haU 
But he will not he invited to the dinner. Hence, 
in\ited to the hall. 

10 Gerald would not strangle his wife and also 

he did poison her, it follows that he did not strang 

11 uZ d.d not violate the law. y- 

he revoked. However, you must have violated 

your license has been revoked. ( t 

.nrreot the defendant was 

12 If the testimony of the witness w^ Therefore, the 

guilty. The defendant was m 

testimony of the witness mus 


•t, a fo study the calculus only if he had 
Hugo would he permitted to stu y permitted to 

already taken analytic geoniew- 

study the calculus. Therefore, 
analytic geometry. (G, .d) 

- ... 

your car does have good tires, ^ ^ ^ 

15 Harry cannot get a liquor license unless he h“ ^Therefore, 
fluent. But he has no political influence at 
Harrj- cannot get a liquor license. (L,P) 


13 


14 
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16 

17 


Morton’s insurance will be paid only i£ 

has died. Therefore, his insurance will be paid. (I, ) 


We get to class only if the ear runs ; hut if the battery is 
the car does not run. Thus, if the battery is dead, we do 


dead, 


get to class. (C, H, -B) 


18 If it does not freeze, there will not he ice. And if there is ice, 

the streets wiU he slippery. Thus, if it freezes, the streets 
will be slippery. (F, I, S) 


19 If you construct two different cireles having the same radius 
and going through three of the same points, these circles are 
not different. Therefore, you cannot construct two differen 
circles having the same radius and going through three of t e 
same points. (C) 


20 If it rains, the driving will be had, and if it snows, the driving 
will be bad. It will either rain or snow, and so the driving 
will be bad. (B, 8, 2>) 


21 


If prices do not rise, costs do not rise. But costs do rise, if 
wages rise. Thus, if wages rise, prices rise. (P, 0, 


22 If Mr. Midas doesn’t contribute, the fund won’t reach its 
goal. If the canvassers work hard, half the people will contrib 
ute. Either Mr. Midas won’t contribute or not half the 
people will. Therefore, either the fund won’t reach its goa 
or the canvassers won't work hard, (ilf, F, C, S) 


teuth functions 

The types of compound sentences that we have been discussing are 
called truth-functioTial sentences, because they are compounds 
■whose truth or falsity depends on (is a function of) the truth or 
falsity of the component sentences. Let ns consider more care 
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fully the way in which each type 
pends upon its components. 


of truth-functional sentence de- 


Negation , , , . 

The relation between a negation and the sentence nega 
simple: They must be opposite as regards truth and falsity. 
Using the dash as our symbol for negation, we shall write 
“-p” for “not p". We can use the foUowing little table to express 

the effect of negating a sentence. 


We may replace V by whatever sentence we ^ ' 

will show how our chosen sentence is related o i 

^S'rTbetween a disjunctive sen.n. and « 
ponentsalsoiss.aightforwa^a.Jhe^^^^^^^^^^^^ 

at least one of its j. J are four possible 

Here our table must contain 

situations to be considered. V S • * rty n" as “n v q". 

(nonexclusive) disjunction, we can abbreviate pora as 


, « » "o” by any sentences we please, and 

Here we may replace p ana g disjunction, 

the table will show how they are related to 
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Conjunction 

The way in which a conjunctive sentence is related to its 
components is also clear The conjunction is true when both its 
parts are true , otherwise it is false Using the ampersand ns our 
symbol, we can abbreviate “p and as *‘p g”. 


p 

5 

pLq 

True 

True 

True 

raise 1 

True 

raise 

True 

raise 

raise 

raise 

raise 

raise 


The table shows how any two sentences are related to their 
conjunction Thus, for instance, the sentence "It will ram and it 
vill get colder" is true if it rams and also gets colder, but it is 
false if either one or both of these things fail to happen 

Conditionals 

To say that a compound sentence is truth functional is to say 
that its truth or falsity depends solely upon the truth or falsity of 
its component sentences We have just seen that conjunctive 
sentences are truth functional In order to determine whether the 
sentence "Ted comes and Jim goes" is true or false, all we need to 
know is whether "Ted comes" is true or false and whether "Jim 
goes" IS true or false However, not all compound sentences are 
truth functional, for instance, in order to discover whether "Ted 
comes because Jim goes” is true or false, we need to know more 
than just whether "Ted comes” is true and whether "Jim goes' is 
true The difficulty about conditional sentences is that although 
the words “if then” are sometimes used in a truth functional 
way, they are often used in ways that are not truth functional 
Let us consider cases where “if then ###” is truth 
functional Suppose a petulant mother exclaims, ‘ If I’ve told 
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you once, then I've told you a thousand tunes If ^ 

Lr “I have told you once” and write "T” for "I have told you a 
thousand tunes”, then the mother's original 

-11 0 .h» r', tt i. J V (1< 

This compound sentence is false if O 

she told him once hut did not tell him a thousand times nd i 
is true otherwise. Construed in this way the sentence s truth 
functional; its truth or falsity depends solely upon the truth 

“"L^lfXlther similar example and see exactly what 
truth function "if . - - then ###” expre.es. Be- 
ssys "If the Cavaliers win J ^ Lth that 

tYhat he is saying can be reworded „vpv’s uncle” We 

the Cavaliers win today and ftat I'm not a monkey s uncle 
can draw up a table for this. 

Q .2^ tf C then M 

Trne~ True Talse raise »ue 

-- True raise r.. 

,„e raise True T^e 

False raise True raise 

, 1 - of this truth table represent the four 
The four horizontal lines of th 

possible combinations of truth an n>;sibilities and form the 

Lt two columns of the table show Jhese pos— 
starting point. In the first 1*“®;^ pe false too. Its 

“-Jh” must he false. Hence C a. i ^ 

negation (C & -H)” must there ore second line, the 

■which means the same, will be true ^ 

reasonins is just the same. ^ ^ Tims 

false, “-id” will he true, and O ’ ' , 

(C & -II) ” will be false. In the fourth line, 
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*‘G & —M” must be false too, and so (C & — ilf)*' must be true. 

"What has been said in this particular case holds good in 
general. The rule is: A truth-functional “if . . . then ###“ 
sentence is false when its antecedent is true and its consequent 
false and is true otherwise. "We represent the truth-functional 
sense of “if . . . then ###” by means of the horseshoe symbol. 
Thus, “p 13 q” will he our way of writing a truth-functional 
conditional. It is clear from what has been said that “p O q” is 
•equivalent to (p & — q)”. 


p 

3 

pO q 

T 1 

T 

T 

P 

T 

T 

T 

P 

P 

F 


T 


Notice that if we want to express the negation of “p "D q“ we 
must look for a sentence whose truth and falsity are always just 
the opposite of that of “p D q”. The negation of “p D q” can be 
expressed as “p & -q“. The form “p D — q'^ is not equivalent to 
the negation of “p D q“, because “p D q” and “p D — q" do not 
contradict one another. They might both be true, as will happen if 
“p” is false. 


P 

3 

pZ> q 

P&-J 

pD —q 

T 

T 

T 

P 

P 

P 

T 

T 

P 

T 

T 

P 

P 

T 

T 

P 

P 

T 

F 

T 


However, the words “if. . . then ###” are often used in 
ways that are not truth-functional. Someone might say, “If 7^^ 
drop this vase, then it will break”. He means to assert more than 
merely that it is not the case that you will drop it without its 
breaking. He means to assert also that dropping it would caiise it 
to break. Here we may know the truth and falsity of the 
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component sentences “yon ^ill drop this vase” and “It J 

yet L may stiU be in doubt about the truth or falshy o K you 

drop it it will break”. Perhaps we agree that you are no g „ 

tpi and that it is not going to break; 
aboL the truth or falsity of “H you drop >t. 
conditional sentence understood in this way is not , 

and we lose part of its meaning (that is, we are replacing by 

horseshoe to symbolize 

arguments very adequately, ^o^aitional sentences which 

expresses that part of the meanig invalidity of 

normally is important as regards the validity 
arguments in which conditional sentences occur. 

. • U1-. TTpre is an example TThere 

This is usually but not "The vase wUl 

\7e -would be led astray by this proce u * yj break” is a silly 

not he dropped, therefore ‘“^^.^dlyfylhoted it in the form “-H, 

and invalid argument; but if ,,,l,ditv by the truth-table method 

therefore D D B" and then tested its vld.dity by 
• presented later in this chapter, we ^ 

the argument is valid. In or er corresponding truth-functional 

non-truth-functional conditiona , ,, j-^gp ip mind the foUowmg 

conditionals that they imply, we s erectly like it creept 

principles: If an ar 6 nw“‘ X"® P3t he valid too; and if an 
for having one or more stronger pr j, it except for havmg 

argument is invelid, then any -f 
a stronger conclusion must also be mvabd. 

Biconditionals ^ ^conditional if it consists of 

A compound sentence i -n-nrds "if 

two simpler sentences troth-functional sense, “p it a“d 

these words are understood in p„,y ,£ q 

only if q” is symbolized "p = • „ „,pt is, "p ° 9” « 

is equivalent to “p it 9, «* 
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■ 1 o') & (P 3 3)”- 

z'.;" 

former should he. 

pD3 WgD P) & (P^ g) ' 


T 

F 

T 

F 


T 

T 

F 

F 


q Dp 


T 

F 

T 

T 


T 

T 

F 

T 


T 

F 

F 

T 


X 

F 

F 

T 


The third and fourth columns of this table are obtained fro 
first two oolumns, in light o£ the rule that a conditional « always 
true except when its antecedent is true and its consequent false 
The fifth column is obtained from the third and fourth, in ig 
the rule that a conjunction is true when and only when both ) s 
parts are true. The last column is copied from the fifth ( it shows 
us that the biconditional is true whenever its components are a i e 
as regards truth and falsity, and it is false whenever they 

differ, , , 

A biconditional says something stronger than does a sing 
conditional. Thus “YouTl pass the course if and only if yon pass 
the examination” promises that passing the examination is nec 
essary and sufficient for passing the course. In contrast, e 
conditional sentence “If you pass the examination, then yon’U pass 
the course" merely says that passing the examination is suffieien , 
and the other conditional "You’ll pass the course only if you pass 
the examination” merely says that passing the examination is 
necessary. 


geoupinq 

"When we deal with expressions containing several symbols, it i 
important to pay careful attention to the grouping of the 
Changing the grouping of its parts sometimes can entirely a 
the meaning of an expression. Therefore, to avoid misun 
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standing, whenever we write something that is trnth-fnnetionaUy 
componnd, we shonld be dear abont the intended grouping. We 

shall use parentheses for this purpose. 

Notiee, for instance, the differenee between p&(9vr) a 

“ (p & g) V r”. The former is a eonjunetion one part of ^Aich is a 
disjunction; the latter is a disjunction one part of whmh ^ 
conjunction. They are not equivalent, for a ““ “ ^ 
fori would not necessarily agree as regards truth or ^ ^ 

corresponding sentence of the second form, f ^ 

by the sentence “PhyUis comes”, replace "g” “ 

■■Qneenie comes”, and replace “r” by “Rosa 
suppose that Phyllis does not come ^ ^ 

“rra::ier:Hos^.es”,wM.m^ 
term ”p.(gvr)”, is false 

the corresponding sentence E vr” is true 

come or Rosa comes”, which is of the form - (p & g) vr is tr 

(since Rosa does come). not equivalent to 

Our example shows that p (g . ^ to write the 

" (p & g) V r”. For this reason it wouW expression is 

expression “p&gvr” q„ite different meanings, 

ambiguous, because it mig conjunction, one 

One cannot tell whether it is supposed to be a 3 
part of which is a disjunction, or a disjunction, one par 

is a conjunction. . „,.dmarv language, such as 

Carelessly written sentences >” ambiguous 

“Phyllis comes and Queenie comes careful to use a 

in just the same confusing way. aphyllis comes, 

comma, the meaning is made logical structure 

and Queenie comes or Rosa come q ,ccnie comes, or Rosa 
“p & (g V r)”, while “PhyUm com^ T,.c comma is cue 

comes” has the logical structure iP indicate groupings 

of the devices used in ordinary language 
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■whicli in onr symbolism tve indicate by means of parentheses. 
Another device of ordinary language is the use of pairs of words 
such as “both . . . and . . and “either . . . or . . for 
these can prevent ambiguity of grouping even when no punctua- 
tion is present. 


Exercise 13 


Let “ft” mean “it ruins”, lei “C” mean “it gets colder”, 
and lei “B” mean “the barometer falls”. Match each num- 
bered sentence of the second group with the symbolized sen- 
tence from the first group that is equivalent to it. {Mint; 
Each has exactly one natural mate.) 


(a) E D 0 
(c) -a 
(e) -(EvC) 

(g) -(E&C) 

(i) -B-C 
(k) -(B^O) 

(m) (E & 0) = B 
(0) E 3 (C = B) 

(q) (-Bv-C) D B 
(s) E 3 {C^ B) 

(u) (E 3 C) D B 


(b) -E 3 0 
(d) -EvO 
(f) -(BoO) 

(h) -E&-0 
( 3 ) R^C 
(I) Es (Cf&B) 
(n) E& (C«B) 
(p) (EaC) dB 
(r) E 3 (C&B) 
(t) (E&O) 3 B 
(V) (E 3 C) &B 


1 Unless it doesn’t rain, it doesn’t get colder. 

2 It rains only if it gets colder. 

3 It neither rains nor gets colder. 

4 It doesn’t both rain and get colder. 

B It gets colder unless it rains. 


6 It rains if and only if it gets colder. 

7 That it gets colder if it rains is not the case. 
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8 It doesn’t rain or it gets colder. 

9 It is not the case that it rains if and only if it gets colder. 

10 If and only if it doesn’t rain, it gets colder. 

11 It doesn’t rain and doesn’t get colder. 

12 If it rains it gets colder, and the barometer falls. 

13 It rains, and it gets colder if and only if the barometer falls. 

14 If it rains, then it gets colder only if the barometer falls. 

15 It rains if and only if both it gets colder and the barometer 
falls. 

16 If it rains, then it gets colder and the barometer falls. 

17 The barometer falls, provided it rains if and only if it gets 
colder. 

18 If it rains and gets colder, then the barometer faUs. 

19 If it rains, then it gets colder if and only if the barometer 

falls. . ,, 

, * lao,. if and only if the barometer falls. 

20 It rains and gets colder, if ana on y 

21 If it doesn’t rain or doesn’t get colder, the barometer falls. 

22 The barometer falls, provided that it rains only if it gets 
colder. 


L.t "A" le short for ‘‘"“j 
be short for ‘‘Bermuda m an 

“Jordan is a '"“"/Xanee” Determine whether 

“Kalamaeoo is the capital of France 


each of the following is true. 

1 -A 
3 

6 BvJ 

7 -B&J 

9 -(JvJf) 

HAD K 


2 

4 

6 

8 

10 

12 


-(-J) 

ASsiK&D) 

Kv (JvA) 

—Av—D 
_ (J & -A) 
-A D K 
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13 BO -J 
15 A = J 

17 {B&J)^{Km-A) 
19 {B = J)0-K 


14 -A O -J 
16 -K = - J 
18 (A&B)D(JvK) 
20 (J D A) = (A n J) 


CONSTEUCTING TRUTH TABLES 

Looking back over i\hat v e have learned about the various types of 
compound sentence, -we can formulate these rules: 

A negation always is opposite to the sentence negated as re- 
gards truth and falsity. 

A conjunction is true if and only if both parts are true. 

A disjunction is true if and only if at least one part is true. 

A conditional is false when its antecedent is true and its 
consequent false ; otherwise it is true. 

A biconditional is true if and only if its parts are alike as 
regards truth or falsity. 

In the light of these rules, we shall be able to construct truth tables 
for more complex sentences, truth tables that will enable us to 
answer a variety of kinds of logical questions. 

If a truth table for a compound sentence is a complete truth 
table, it must show whether the sentence is true or false in every 
possible case, that is, in every possible situation as regards the 
truth and falsity of its component sentences The number of pos- 
sible situations that need to be considered (the number of horizon- 
tal lines required in the truth table) depends upon the number of 
distinct simple components. 

In the second section of this chapter we wrote a truth table for 
“~p”, which needed just two lines. Similarly a truth table for 
“ (P “P) ^ P” would have just two lines. "Where only the letter 
“p” is present, the only pos.sibilities to be considered are the truth 
of "p” and the falsity of “p”. A truth table for "p v q" has to 
ha^e four lines, and so does a truth table for “(<7 & p) v (7'' P^ 
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Here "p” may be true or false when "q" is true aud either true or 
false -when “3” is false, making four possibilities. If we were 
dealing with a compound containing three different letters, there 
would be eight possibilities to consider and so eight lines in t e 
truth table. In general, each additional letter doubles the number 

of lines required in the truth table. 

In constructing a truth table, it is important to be sure that 
the hues are arranged so as to take account of just the proper 
possibilities; using a systematic procedure will help In drawin 
up the initial columns, let us follow the practice of al ernating the 

, . . 1 in the first line, “F” in the second 

entries in the first column ( T m the nrst , 
line, etc.), pairing the entries in the second column ( 
firs^ and second lines, “P” in the third *7" ’ 4 ‘,ri 
alternating by fours the entries in the third initial column ( T 
the first four lines, “F” in the next four lines, etc.), and so^om 
When we are dealing with complicated 
helps to use auxiliary columns, working step y s ep 

final columnin^ich we are interett^_-r.n„ 

want a truth table for (r&g) (P c « whole is a 

three letters, we require eight fines. The t 

conditional, oncpartofwhichisaeonjunctiona^^^ 
biconditional. Here it wifi be wise to use two aux ^ 

one for the conjunction and one for the ^ 

be easy to draw up the final column for the conditional 

The table will look like this : 
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Here the three initial columns have been drawn up in a systematic 
fashion so as to take account of exactly the right possibilities. The 
fourth and fifth columns are auxiUary columns drawn up y 
looking at columns 1, 2, and 3. Then from the fourth and fifth 
columns we get the sh-rth column, the one in which we are in- 
terested. The sixth column tells ns whether the compound is 
true or false in each of the eight possible cases. Prom the table we 
obtain the information that our compound is false only if P 
false and "q” and "r” are both true. 

USES or TRUTH TABLES 

Truth-functional Implication and V alidity 

A relation of implication that depends solely upon the 
truth-functional forms of the sentences concerned is called a 
truth-functional implication. Thus to say that a sentence is 
truth-functionally implied by one or more other sentences is to say 
that, in virtue of their truth-functional forms, it is logically 
impossible for the latter all to be true without the former being 
true also. An argument whose premises truth-functionally imply 
its conclusion is said to be truth-functionally valid. 

Truth tables provide a method for telling whether truth- 
functional implications hold and whether arguments are truth- 
functionally valid. The method is this: "We construct a truth 
table containing a column for each sentence involved in the 
implication, or for each premise and the conclusion of the argu 
ment. Then we inspect the table line by line to see whether there is 
any line in which the supposedly implying sentences are all true 
and the supposedly implied sentence false, or whether there is anj 
line in which all the premises of the argument are true and ds 
conclusion false. If there is such a line, then the implication does 
not hold, or the argument is not truth-functionally valid. If there 
is no such line, then the implication holds, or the argument ^ 
truth-functionally valid. 
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AU vaJid arguments of the forms discussed in the first section 
of this chapter are truth-functionaUy valid. Each of thern can e 
shown to he truth-functionally valid by means of a truth table As 
an example, let us consider modus ponens. A truth ta e 
particular argument of this form would contain co umns for the 
two premises, say, "A D and “A”, and a column for the 
conclusion "B". Or we can make the table more general in style by 
expressing the premises as "p 3 3” and “p" and the -n— - 
4. ml we do it the latter way. the nnderstanding is th t the 
truth table represents any argument of the modus ponens 


Premise Conclusion 

P « 


T 

F 

T 

r 


T 

T 

F 

F 


Premise 

pD Q 


T 

T 

F 

T 


four lines in the table; we have a CO u , , see that 

for the conclusion. Now, what and in 

the first line is the only line in which o pr^^^ possibfiity of 
the first line the conclusion is t™" conclusion false. This 

having the premises all ^.£„„ctionalIy imply the con- 

demonstrates that the premises .^aJunctionally valid, 

elusion, that is, that modus ponen destructive di- 

Let us treat one more examp e, 
lemma. Can we show by means o the premises 

of argument is valid* Here „ column for the 

"p D q", "p D r”, and "-qv “ the table must have 

conclusion “-p”. Since there are auxiliar}- columns to 

eight lines. The work is easier if 
help us reach the final ones. 
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Here the fourth and fifth columns are for the first two prem , 
and we get them from the three initial columns, using the ru e 

the conditional. The sixth and seventh columns are auxiliary 

taken from the initial columns by using the rule for negation, 
eighth column is tor the third premise, and we derive it from ^ 
sixth and seventh. Then we add a column for the cone usio . 
Inspection of the completed table shows that only in the four , 
sixth, and eighth lines are all premises true, and in each o e^^ 
lines the conclusion is true Hence the table shows this form 
argument to te truth-funetionally valid. _ 

As a final example of this procedure, let us consider 
particular argument : 

If matter exists, Berkeley was mistaken. 

If my hand exists, matter exists. 

Therefore either my hand exists or Berkeley was mistaken. 

We may symbolize it: 

BOM 

.'.HvB 

fi a truth 

Let us test the validity of this argument by means oi 
table. 
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We are concerned only with the question whether i ts possib o for 

the premises both to he true and the 

parts of the table that do not help to answer that 9-^* “ 

left blank. Thus we leave the fifth column blank m tlte th d 

seventh lines, for we are interested only - 

premises are true. We leave the last column blank m the s o 

third, fourth, and seventh lines for the same reason The e gh 

line finally gives a definite answer to our 9 -stion for - ^ 

both premises are true and the conclusion - 

strates that the argument is not truth-functionally valid. 


Truth-functional Equivalence 

To say that two truth and falsity; to 

say that they necessarily ar ^ _ ,„ 7 p„f is to say that they 

say that they are truth-fiincttona J ca«^ truth-functional form, 
are equivalent simply u-hether sentences 

Truth tables provide a ^ ^,„tence of the form 

are truth-functionally cquiv ' ^.^.^..^ponaing sentence of the 

(p& 3) or falsity » We can establish the 

form "-P & -5” containing a column for each 

answer by constructing t^ . ;£ they 

compound. Tten we c ^ ^ ^y,c if the columns 

are alike in every line, the q 
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differ in any line, the equivalence does not hold. (Notice that i 
■would be nonsense to say that two compounds are equivalent m 
some lines hut not in others, because being equivalent means being 
alike as regards truth and falsity in all possible cases.) 

Let us draw up a table with a column for each of these 
compounds ; let us also include a column for “-p v -g” so that it 
can be compared "witb the others. 



Here the third column is obtained from the first two and serves as 
an auxiliary column from which we get the fourth column. The 
fifth and sixth columns come from the first and second ; from them 
we obtain the seventh and eighth. With the table complete, we 
look at it line by line, and we observe that in the second and third 
lines (p & q)" differs from p & —g”, the former being true 
and the latter false. Thus a pair of corresponding sentences of 
these forms would not be equivalent. However, (p & S)” 
p V —g” are just alike in each line, which shows that any pair 
corresponding sentences of these forms would he equivalent. 
Speaking more concisely, we shall say that (p&s)” 
p & ~q” are not equivalent, while (p & g)” and p v —Q. 
are. 


Not only is (p&g)” equivalent to pv— g”, hut also 

(p V g) ” is equivalent to p & — g”, as could be shown by an 
other truth table. These two equivalences are known as De Mor 
gan*s laws, after the nineteenth-century logician De Morgan, 
the various equivalences mentioned earher in this chapter can 
demonstrated by means of truth tables. We can show by t ^ 
tables that “p” and p)” are equivalent, that “p&9 ® 



The Logic of Truth Functions 


119 


“g & p” are equWalent, that "p 3 3” and “-3 D -p” are equiva- 
lent, and so on. The notion of trnth-fnnotional equivalence 
wiu’he useful in connection vrith reasoning, for when two sentenMS 
are truth-functionally equivalent either one may validly he in- 
ferred from the other, since if one is true the other must be true 

Another slightly more complicated principle concerning truth- 
functional equivalence also is useful in connection with reasoning. 
This principle may be illustrated as follows: A sentence of the 
form 'VD -(P&3)” has to he equivalent to a corresponding 
sentence of the form "r D (-pv- 3 )", because these two com- 
pounds are exactly alike except that where the first contains the 
component “-(P&3)” the second contains something equiv- 
alent to it. The reasoning behind this is that, since the two hort 
compounds are necessarily alike as regards truth 
replacing one by the other in the longer expression 
truth table for the longer expression; hence ‘be “'ter = 
expression is necessarily the same as the original 
re^ds truth or falsity. This principle holds in general : Ai^y two 
longer truth-functional compounds are bound to be equivalent i 
herare exactly alike except that in one of them a eomponen 

to it. 


formula, usually -we find tha ^.rtrpme cases: occasionally 

other lines. But occasionally wc race line of its truth 

a compound sentence is called a taMo„y. 

table. Such a compound sentence 

Also we occasionally meet a ^ ^ compound sentence 

is false in every line of Its ru 1 difTerence be- 

er formula is a kind of eontrodmlmn. (Note 
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tween a contradiction, an expression that K bound to 
and contradictories, sentences that are negations o eac o 
are bound to be opposite in truth and falsity.) 

Sentences that are tautologies are a special type of [ 

true sentences; they are sentences whose necessary truth resu^_ 
from their truth-functional form. Sentences that are 
functional contradictions are a special type of necessari y 
sentences. A few examples of forms of sentences that a 
contradictions are ^ ^ * , 

examples of tautologies are these: “pv-p” (sometimes 

as “the law of excluded middle”, because it reflects the fac 
any given sentence must be either true or false, there ^ 

third alternative), “-(p & -p)” (which is sometimes descn e 
“the law of contradiction”, because it reflects the fact a 
sentence cannot be both true and false), “p 3 v”> and “p ^ P • 
To every valid truth-functional argument there correspon s a 
tautology; the tautology is a conditional whose antecedent is t^e 
conjunction of the premises of the argument and whose consequen 
is the conclusion of the argument. For example, the 
“ [ (p D g) & p] 3 g” corresponds to modus ponens. To say a 
a form of argument is valid is to say that, if its premises are tru^^ 
then its conclusion must be true. Under such circumstances 
corresponding conditional cannot have a true antecedent 
false consequent and so will necessarily he true, a tautology. 
we can say that a tmth-funetional argument is valid if and 
its corresponding conditional is a tautology. Hence another ^ 
of testing the validity of a truth-functional argument is to form ^ 
conditional whose antecedent is the conjunction of the pre 
and whose consequent is the conclusion and draw up a truth 
for this conditional. If the conditional is a tautology, 
gument is valid; if not, it is not valid. However, the me 
described in the preceding section is a bit simpler. 
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Exercise 14 

Test the validity of the argument, or answer the question, ly 
means of a truth table. 

1 It will rain if and only if the wind changes. Therefore, it is 
not the case that it wiU rain without the wind changing. 
(B, W) 

2 If you are convicted of manslaughter or of drunken driving, 
then your license wiU be revoked. But you have not been 
convicted of manslaughter. Therefore, if your license is 
being revoked, you have been convicted of drunken driving. 

3 If you enjoy both Hemingway and Dos Bassos, 

would enjoy Faulkner. But you do not enjoy Faulkner. 
Therefore^ if you enjoy Hemingway, you do not enjoy Dos 
Passes. (H, 7), F) 

4 If you can understand both Plato and Aristotle, you can 
understand Aquinas. Therefore, if you 

Aquinas, then if you can understand Plato you cannot und 

stand Aristotle. (Ff 

5 Is "If Clovis does not marry Wilma, then he ^ 
Helen” equivalent to “It is not the case that Clovis will both 

not marry Wilma and not marry Helen ? 

6 Is "If costs rise, then either prices and costs both rise or costs 
rise but prices do not” a tautology? 

V are tautologies, ■which are contra- 

7 "Which of these compounds are lauvu „ , 

dictions, and which are neither? 

, (b) pD (pi's) 

(a)pD(pvp) (d)p&(?&-P) 

(c) p D -P _ (f) (p 3 9 ) V (5 3 g) 

(e) (p&q) — (q^ 51 (h) pvg 

(g) (P&q) 3 (P''5> 

(i) P 
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8 

9 

10 


Does “p 3 g” imply"? 3 (gvr)”l 


Is it true tliat a sentence that 
sentence? Is it true that a 
implied by every sentence? 


is a contradiction implies every 
sentence that is a tautology is 


Is the disjunction of a given sentence with itself always 
equivalent to the given sentence? 


DEDUCTIONS 

Truth tables provide a perfectly general method for testing the 
vaUdity of truth-functional argnments. However 
gument is a lengthy one, and especially if it 
distinct constituent sentences, the truth-table me o j 

tedious and long. It is valuable to have a short-cut metho 
more efSciently with involved arguments. We shall now ® 

method that involves breaking up long arguments into s 
steps. If we can show how it it is possible to pass, '’5' 
simple valid steps, from the premises to other sentences the o 
from them, and then from these to the conclusion, we she ^ 
succeeded in showing that the conclusion follows validly from 

premises. pfition 

Suppose we haye ttis argument : “Clovis will not Ijot 
at Sun Yalley and buy an Austin-Healey, unless he has m 
money. He will not have inherited money unless his ric g ^ 
mother has died. Clovis has bought an Austin-Healey, 
grandmother is hale and hearty. Therefore, Clovis wil 
cation at Sun Yalley”. Since this argument contains four^^ 
ent basic component statements, which we may sym ^ 

“A”, “G”, its truth table would require sistee 

aud would be rather tedious. Let us try to pass to 
siou from the premises hy familiar steps. We can sym 
premises as follows; 
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1. (S&A)^I Premise 

2. ID a Premise 

3. A &-G P"™** 

We can make a nseM first move by separating one part of the 
conjunction of line 3 : 

^ From 3 by conjunctive simplification 

Next rve can pnt together lines 4 and 2, nsing modus tollens: 

From 2 , 4 by modus tollens 

5. — I 

Then -we can use modus tollens again: 

6 — (S & A) ^ toUens 

And from this we can get the desired conclusion: 

From 8 by conjunctive simplification 
g From 6, 7 by conjunctive argument 

H„. ™ Lv. m™ 

steps. Thus we succeed in showing that 

the steps are said te eeastitote a m j tiPed by meaas 

auction must either be a premise or he clearly jus 

of some standard logic, it is usual to select 

In more pri„,iples for justifying steps 

some very small group of g^^^ter 

and then to insist upon 

elegance and economy are ac i constructed. For our 

retical interest of the e u^ ;3 not so 

elementary purposes, no ^ „T«nTif» our principles for use 

important. Let us therefore me ^ e j^^ce so far become 

in deduction all those prmeiples wtli 

acquainted, and also a few j ,,c comparatively easy 

approach willmeanthatourded^ 

to construct: it will sp 
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beginners using elegantly ee»on.ieal deductive rules when tt^y 
find that certain moves, -which they see to be per e 
nevertheless are not directly sanctioned by the rules. 

Let ns arrange onr principles under three headings, 
our standard elementary forms of valid argument ; we 
rvrite any new line in a deduction if that new line follows from 
earlier lines hy one of these forms of argument. Nert ar 
equivalences; we always are justified in adding a new ine i 
is equivalent to some preceding line. Finally, we sha “ ° 
ourselves to add any tautology as a new line; the justification o 
this is that tautologies are necessarily true. Let us now draw up a 
list of principles. 


Truth-functional principles for Mse in deduction 

XLEMENTABT FORMS OF VALID ARGUMENT 
Modus ponens : p D Q, PS therefore g 

Modus tollen s: p D therefore — p 

Chain argument : p 3 g, gO r; theretore p D »• 

Disjunctive p''g>'~PS therefore q 
arguments : p ^ 3/ ~~gS therefore p 

p; therefore pvg (disjunctive addition) 
Conjunctive — (p & g), p; therefore — g 
arguments: — (p & g), g; therefore — p 

p& q; therefore p {simplification) 
p & g; therefore g {simplification) 
p, g; therefore p&g {adjunction) 

Reductio p D — p; therefore — p 
ad absurdum: p D (g& — g); therefore — p 

Dilemmas; p ID S# *" D s, pvr; therefore gvs 

(complea: constructive) 

pD q, rH s, —q'f — s; therefore —p-^—r 

{complex destructive) 

p D Sy »■ D g» P ^ therefore q 

{simple constructive) 

P D 3, p D r, — gv— r; therefore — p 

(simple destructive^ 
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EQUIVAIiENCES 

Any expression may validly be inferred from any other that is eamva- 
lent to it. We shall use the following cauivalences: 

“p" and “p V p” and "p & p” all are eguivalent. 

"p 3 g” and “-p V a” and (p & -« ) ” all are eamvalent. 

"ps g” and “(g D p) & (P 3 9)” egn.valent 
Double negation; "p” and ‘‘-(-p)” are egmvalent. 

Contraposition; "p 3 i” and « D -P are egnivalent. 
Commutation; "pvg” and “gvp" are egmvalent. 

''p&g'’and"g&p”areeamvalent. _ 

Assooiation;;;pv^(9jra^d;(P;^«);;;^ 

D«tr.bution; ;;p & (^ 9 ^v r)’’ and ‘‘(p (P & ^0 - 

DO Morgan's laws;;;-(P^9)”;n^^;:-P^:»:-^ 

Daportafon; "(p & 9) 3 v” and >3(93 0” are eamvalent. 




pv-p 
-(p & -p) 
P 3 p 


pssp 
p 3 (P*9) 
(p & g) 3 p 


(p&s) 3 (pvg) 


This list of principles perhaps ‘ they make 

advantage of having a good ^i^^iples in this list are 

deductions easier to construe , niminted Tvith. "We have 

standardlogical principles worthbemg^gnatn^^^^^^^^ 

already met the elementary va ..ijjitj- can be proved by 

them seem strange or dubious u'^ain^ of equivalences are some 
means of truth tables. Under the h d.n„^oJ eq^ 

principles that we I-'" " tables can be used. (U 

these seems strange or dubious, „ 
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is also illuminating to invent sentences iUustrating these princi- 
ples.) We may justify a line in a dedaction by pointing out that it 
can be obtained from some preceding line by replacing one expres 
sion by another that is equivalent to it; that is the use of t ese 
equivalences. Our third heading is tautologies ; since a tautokgy 
is necessarily true, we may write it anywhere as a line in a 
deduction. If there is any doubt about whether a given expression 
is a tautology, its truth table should be constructed to settle the 

question. ^ 

Now let us examine another example of a deduction in w ic 
more of these principles are employed. Let us suppose that we are 
given an argument having three premises, which we shall symbolize 
as lines 1, 2, and 3, and a conclusion which we symbolize as line 
11 (although we do not know at first that the conclusion will be the 
eleventh line ; we know that only after finishing the deduction) . 


1. As{B&C) 

2. J. D D 

3. D D 0 
L AO 0 

5. -.4. D (B & G) 

6. -£7 D -A 

7. -C D (B & G) 
8 (B & C) D C 
9. -CD C 

10 . -(- 0 ) 

11. C 


Premise 

Premise 

Premise 

From 2, 3 hy chain argument ^ 

From 1 by equivalence of “pvg" to P ^ 2 
From 4 by contraposition 
From 6, 5 by chain argument 
Tautology 

From 7, 8 by chaw argument 
From 9 by reducUo ad dbsurdum 
From 10 by double negation 


In constructing the deduction, our strategy could have been 
the following : Looking at the premises, we see that the second an 
third can he put together to form a chain argument, yielding 
line 4. "Wondering how to combine line 4 with anything else, w 
notice that line 1 might possibly combine witb line 4. If 
rewritten as a conditional instead of a disjunction, it will be 
likely to combine with line 4, and so we make use of the fact 
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"p V is equivalent to p D g" (This is essentially the same 
as the principle that "p 3 g" is equivalent to “—p v g", the only 
difference being that we have used the principle of double negation 
to shift the negation signs.) Now, if line 4 is replaced by its 
contrapositive, we obtain a standard chain argument whose conclu- 
sion is line 7. This is close to what we want, but we still need to 
separate out the "C” which is contained in the consequent of 
line 7. If we choose an appropriate tautology, we can do this, and 
so we write line 8 and then get line 9 by another chain argument. 
Line 9 gives the desired conclusion by reductio ad absurdum. 

In order to construct a proof such as this, we must use a little 
ingenuity ; we have not mastered any mechanical method that will 
automatically tell us what steps we should take. But if we are 
familiar with the main types of elementary forms of valid 
argument, with the main types of equivalences, and with simple 
sorts of tautologies, we find that only a very little ingenuity is 
required to proceed step by step. 


Exercise 16 

State the justification for each step that is not a premise in 
each of the following deductions. Mention what specific prin- 
ciple is used and what earlier lines, if any, are involved at each 
step. 


1 1. D Si E Premise 

2 1. JDK 

Premise 

2. I> D F Premise 

2. -{K&L) 

Premise 

3. B 

3. -Kv-L 


4. F 

i. KD -L 



5. JD -L 


3 1. (A OB)vC Premise 

4 1. {ADB) 

Premise 

2. — C&— B Premise 

D (-CDD) 

3. -C 

2. -BD D 

Premise 

4. AD B 

3. AD -D 

Premise 



128 


The Elements of Logic 


3 5. -B 
6. -A 


i 


4. -C-D) 3 -A 

5. D 3 -A 

6. -B D -A 
1. A3 B 

8. -C 3 I) 

9. -(-C) vD 

10. CvD 


Construct the following deductions. 

1 Prom thepremises"-(P&G)”and“G” and “H D P”, deduce 
the conclusion H”. 

2 From tlie premises (ilf v P) ” and D P'\ deduce the con- 
clusion J?”. 

3 From the premises “X D B” and “(^ & C) D deduce the 

condnsioa ‘‘C D (AD P)”. 

4 Prom the premises “S^iTvJ})” and (rvP)” 

"TJ D (T & W)", deduce the conclusion (S & TF)”. 

SymhoUze each argument, using the suggested letters. Then 
construct a deduction to show tt is valid. 

1 If the patient had no fever, then malaria "was not the cause of 
his death. But malaria or food poisoning was the cause of his 
death. The patient had no fever. Therefore, food poisoning 
must have been the cause of his death. {F, M, P) 

2 Hubert will be expelled from the university if he has violated 
the honor code. Either Hubert was telling the truth about his 
recent activities or he has violated the honor code. Hubert was 
not telling the truth about his recent activities. Therefore 
Hubert will be expelled from the university. (E, V, T) 

3 Had Franklin D. Roosevelt been a socialist, he would have been 
willing to nationalize industries. Had he been willing to na 
tionalize industries, this would have been done during the 
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Depression. But no industries were nationalized during fte 
Depression. Hence, Roosevelt must not have been a socialist. 
(B, W, D) 

4 If either the husband or the wife paid the premium that was 
due, then the policy was in force and the cost of 
was covered. If the cost of the accident was covered hey we e 
not forced into bankruptcy. But they 
bankruptcy. Therefore, the husband did not pay the premium 

that was due. 


SHOWING INVALIDITY 

If an argument is not valid, it will not be possible to " 

deduction that moves step by step 

conclusion. But the fact that we " is 

deduction for an argument by no means demonstrates that it 

invalid; perhaps we have not worked 

pose we work on an argument, trying ' tte 

bI U is—lc also to have a short-cut method of 

demonstrating that an argument „„ that it is possible 

TO say that - — ^^^c— ^ false. This gives 
for the premises all to be tr y , ^j^^^ting invalidity. If 
us the clue to a short-cut me o constituent 

we can find a way of but the eonelusion false, 

letters so that the premises all will tri 

this will demonstrate that the bose three premises are 

Suppose we have "a - b", and whose 

sj-mbolized"^ 3 (Bv C) ,^ ^blc to paas, by 

conclusion is symbolized conclusion. Bet ns trj- 

valid steps, from these prcrois invalid "'e want to see 

instead to show that the argument is 
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-whether it is logicaUy possible for the premises all to be true and 
the conclusion false. If the conclusion is false, "A” must be true ; 
if “A" is true, then either “B” or “C” (or both) must be true in 
order that the first premise be true. Also, in order that the third 
premise be true, “E” must be false ; if "E” is false, then “0" and 
“E” cannot both be true, in order that the second premise be true. 
Let us try letting “A” be true, "E’^ false, “B” and "E” both true. 


and “D” false. This proves to be one satisfactory way of assigning 
truth and falsity to the constituent letters, for this is a way of 
making the premises all true and the conclusion false. Thus we 
have shown that there is a logically possible way for the premises 
all to be true while the conclusion is false ; hence the argument is 
shown to be invalid. This method is like finding in the truth table 
for the argument one single line that suffices to show the argument 
invalid. 


Exercise 16 


Use the short-cut method, to show that each of the following 


arguments is invalid. 


AD B 

2 BOS 

3 AO B 

ODD 

TO -S 

COD 

.'.ADC 

Sv-S 

-Av-0 


.'.BvT 

-Bv-D 

FwG 

5 A D (BvC) 


Fd H 

BO (D&E) 


GDJ 

Do (EOF) 



-(A&F) 



.'.A^C 



Shoio that each argument is valid or that it is invalid. 

1 If the rudder does not break and the fuel holds out, the ship 
will get safely to port and no one will drown. If the fuel holds 
out but the rudder breaks, then the ship can be steered by 
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means of its propellers. If the ship can he steered by raeans of 
its propellers, it wiU get safely to port. If the rudder does no 
break, then the fuel will hold out. Therefore, the ship wiU 
get safely to port. {B, Fj P, Pf 

2 Hugo left a message for Clovis but none for Bsme or he left 
a message for Esme hut none for Reggie. If Hngo ^ 
sage for Clovis, then he was seen by the landlady. But the 
landlady did not see Hugo. Therefore, Hugo left no message 
for Reggie. {G,E,R,L) 

3 If Bulgaria is hostile toward Yugoslavia or Greece, then 
Bulgaria is serving Russia’s interests. Bulgaria is serv^ g 
Russia’s interests if and only if it cooperates with both Creeho 

^ .et 0/ sentences is oalU, — 

sibU that all of them may - , , t,„ finding a way of as- 

that a set of sentences w maJ all the 

signing truth and fas% y " that a set 

compound sentences in. *«^edLing from them a con- 

is consistent orinconsistent U 

1 If Jones is telling the ’ j is ^ot doing so. Brown 

Brown is telling the ty. (J, S, B) 

isteUingthetruth,andSnnthisnotgu y 1 

2 If Ted and Jim come, then Bob does not go. 

Jim comes. Fred goes and Jim com 

(T, J, B, F) 
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3 The company earns more profit if and only if its domestic 
sales increase or its export sales increase. Its export sales 
increase il and only if its domestic sales do not increase. 

(P, P, E) 

Analyze the structure of each of the following truth-functional 
arguments. 

1 'T hope, Marianne,” continued Elinor, “you do not consider 
Edward as deficient in general taste. Indeed, I think I may 
say that you cannot, for your behaviour to him is perfectly 
cordial, and if that were your opinion, I am sure you could 
never be civil to him.” jane austen, Sense and Sensibility 

2 hlurder and treachery cannot be good without regret being 
bad; regret cannot be good without treachery and murder 
being bad. Both, however, are supposed to have been fore- 
doomed; so something must be fatally unreasonable, absurd, 
and wrong in the world. It must be a place of which either 
sin or error forms a necessary part. From this dilemma there 
seems at first sight no escape. 

wiLLUM JAMES, “The Dilemma of Determinism 

3 "With respect to every reality external to myself, I can get hold 
of it only through thinking it. In order to get hold of it really? 
I should have to be able to make myself into the other, the act- 
ing individual, and make the foreign reality my own reality? 
which is impossible. For if I make the foreign reality my own, 
this does not mean that I become the other through knowing 
his reality, but it means that I acquire a new reality, which 
belongs to me as opposed to him. 

KIERKEGAARD, Concluding "Unscientific Postscript 

4 Either to disinthrone the King of Heav’n 
"We war, if war be best, or to regain 
Our oivn right lost; him to unthrone we then 
May hope, when everlasting Fate shall yield 
To fickle Chance, and Chaos judge the strife: 
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The former vain to hope argues as vain 

The latter: for what place can be for us 

Within Heav’n’s bound, unless Heaven’s Lord supreme 

We overpower? milton, Taradise Lost 

5 If man lacked free judgment of will, how would that be good 
for which justice itself is commended when it condemns sins 
and honors deeds rightly done? For that which was not done 
by the will would be neither sinfully nor rightly done. And 
according to this if man did not have free will, both punish- 
ment and reward would be unjust. However, there must have 
been justice in both punishment and reward, since it is one of 
the goods which are from God. Therefore, God must have 
given man free will. st. augustine, De Libero Arhiirio 



4 . Quantification 


In Chapter 2 -we met the quantifiers “all” and “some” in categorical 
sentences. Now we shall see how to use symbols in place of 
quantifier words. "We shall also see how these quantifier symbols 
can be combined with truth-functional symbols so as to provide a 
very powerful symbolic language by means of which a much wider 
range of sentences and arguments can be analyzed. The develop- 
ment of this general theory of quantification is one of the most 
important achievements of modern symbolic logic. 

THE SYMBOLISM OP QUANTTFICATION 

Let us begin with a sentence in ordinary language and see how it 
can be expressed in the symbolism of quantification. Consider the 
sentence 


There exists at least one liquid that is a metal. 

"Vre can reword this as 
134 


( 1 ) 



Quantification 


135 


There exists at least one thing snch that it is lianid and it is 
a metal. ^2) 

and as 

There exists at least one thing x snch that x is liquid and x is 
a metal. ( 3 ) 

The letter “x” in (3) is called a variable. There is nothing 
mysterious about its significance, however, for it functions as a 
pronoun, the way “it” did in (2), enabling us to see that in the 
different parts of the sentence the speaker is talking about the same 
thing rather than about different things. Now we introduce the 
symbol “ ( 3a;) ", which is called an existential quantifier and which 
corresponds to the words “There is at least one thing x such that”. 
This enables us to rewrite (3) in the form 

( 3x) (x is liquid &xis a metal) (4) 

This sentence is called an existential quantification, because it 
starts with an existential quantifier which is attached to the whole 
of the rest of the sentence. Sentence (4) can be read in various 
equivalent ways besides (1), (2), and (3). All the following 
readings also are permissible: 

There is something such that it is liquid and is a metal. 

Something is liquid and is a metal. 

Some liquids are metals. 

There are liquid metals. 

Liquid metals exist. 

Next let us consider another sentence in ordinary language 
and see how it can be expressed using another quantificational 
symbol. Consider the sentence 

Each thing is either solid or not solid. (5) 

We can reword this as 

Each thing is such that either it is solid or it is not solid. 


( 0 ) 
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and as 

Each thing x is such that either x is solid or x is not solid. (7) 

Again the variable “x” is merely doing the job of a pronoun. Now 
we introduee the symbol “(a:)”, which is called a universal 
quantifier and which corresponds to the words "Bach thing x is 
such that”. This enables us to rewrite (7) in the form 

(i) {x is solid V a: is not solid) 

This sentence is called a universal quantification, because it starts 
with a universal quantifier which is attached to the whole of 
the rest of the sentence. Sentence (8) can be read in various 
equivalent ways; besides (5), (6), and (7), all the following 
readings are possible: 


Each thing is solid or not solid. 
Anything is solid or not solid. 
Everything is either solid or not solid. 
All things are either solid or not solid. 


So far, we have used just the letter as a variable. But 
other variables, such as "i/” and ‘V’, can equally well be used in 

quantifications. The sentence “(3j/) (y is liquid & y is a metal) is 
equivalent to (4). Both of them say that there is something such 
that it is liquid and it is a metal. The sentence "( 2 ) solid 
V 2 is not solid) ” is equivalent to (8). Both of them say that each 
thing is such that it is solid or if is not solid. "When the quantifier 
is "(3x)” or "(x)”, we say that "x” is the variable of quantifico- 
iion; when the quantifier is “(3y)” or "(y)”, we say that “if 
the variable of quantification; and so on. 

In the eases that we have considered thus far, the quantifier 


has been attached to the whole of the rest of the sentence. In these 
cases we put parentheses around all the rest of the sentence to 
show that it all falls within what we call the scope of the quanti* 
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fier. Attaching the quantifier to the whole remainder of the 
sentence means that every occurrence of the varmble of quant A- 
cation within the rest of the sentence has to be thought 
pronoun referring hack to that quantifier. 

However, quantifiers are not always attached in ^ ^ ’ 
sometimes we have a quantifier that is attached on y to a por lo 
the sentence. For example, the sentence 

Either something is solid or everything is Uinid. 

can he reworded 

V. IB Rolid or eacli thing ir is such 

Either there is something x such that 

thatasislianid. 

and can he put into quantifieational symbolism as 
( 3a;) (a: Is solid) v (a:) (a; is liquid) 

Here sentence (9) considered as a 

rather it is a disiunction whose compo^ri^ts a. 

The parentheses show us ^ ” [ quantifier, while 

hethoughtofasapronoun^^^^^^^^^^^ 

the “X” in Thus the scope of the first quantifier does 

to the second quantifier. quantiflea- 

form: ( 10 , 

(3y)(yissolia) V (aKaisliquifit . 

results whether we use different variaWes (q,. 

tions, as in (10), or use the far have been fane- 

All the ^ ^ tifiers. Variables are said 

tioning as pronouns referring 
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to be bound by their quantifiers -when they occur in this way. A 
variable that does not refer to any quantifier is said to be free. 
Consider the expressions: 

X is solid V 2 is liquid 
( 3a:) (a; is solid) v -c Is liquid 
(j/) (y is solid V X is liquid) 

There are two free occurrences of “x” in the first expression, and 
there is one free "a:” in each of the others. Expressions like these 
are neither true nor false, for nothing has been decided about 
what these free occurrences of “x” are supposed to refer to ; ic 
here is like a pronoun without an antecedent. An expression is not 
true or false so long as it contains any free occurrences of variables. 

Exercise 17 

Translate each of the following sentences into ike syniboUstn 
of quantification. 

1 Something is a pig and can fly. 

2 Everything is either physical or mental. 

3 There is nothing mental. 

4 There is something such that it is mental and it is immortal. 

5 It is not the case that something mental is immortal. 

6 Anything is physical if and only if it is not immortal. 

Which of the following expressions are true-or-false sen- 
tences? Which of the variables are free and which 
bound? 

1 (ic) (x is male V X is female) 

2 (x) (x is male) v y is female. 

3 X is male v y is female. 
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4 (z) (z is male) v z is female. 

6 (31/) (!/ is mental) & 2 is immortal. 

6 (3;/) (I/ is mental) & y is immortal. 

7 (3y) (y is mental & y is immortal) 


SOME NONEQtnVAliENOES AJtD EQUIVAliENOES 

TO sa. t.at t.o sentences a. ™ rieSS 

necessarily are alike as regards tmtli and taisuy 

™ .. — — 

l. U,.a.™t..a how noih ot whol Mlow. 

involving quantifiers, tve need t +*i2o_ iror ex- 

the qnantLr falls within the scope of the qnanffier. For 

ample, the sentences 


Something is liq.nid and is solid. 

Something is lianid and something is solid. 


( 1 ) 

( 2 ) 


parentheses to indicate the distinction : 

(ij) 

OzKzislianid&icissolid) (4) 

(a.)(.isliouid,.C3.,(.-olid, 

Here (3) is a way of la only what is in- 

holizing (2). i^^odiately follow it. In (3) 

closed within the parentheses^ 

the quantification of a conjunction, 

whole expression is the each with a briefer scope ; 

In (4) we have two separate q existential quantiflca- 

here the whole thing is a conjunction of two 

tions. .„fifiprs we must distinguish be- 

Similarly with universal quantifiers, w 

tween 
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(x) (a; is solid V a; is not solid) ' J j 

(a;) (a; is solid) v (x) (x is not solid) ^ 

These sentences are not equivalent. Sentence (5) is the universal 
quantification of a disjunction, and it truly says that each thing is 
solid or not solid; sentence (6) is the disjunction of two universal 
quantifications, and it falsely says that either everything is solid or 
everything is nonsolid. 

"We must also pay attention to the positions of negation signs. 
It makes a difierence whether a negation sign occurs outside or 
within the scope of a quantifier, and we must distinguish between 

— (x)(x is solid) 

(x)—(x is solid) 

Sentence (7) is the negation of a universal quantification, and thus 
it truly says that not everything is solid. Sentence (8) is the 
universal quantification of a negation, and it falsely says that 
everything is nonsolid,' 

Furthermore, we must beware of assuming that negation sigus 
flanking a quantifier will merely cancel out; we must distinguish 
between 

— (3x)—(x is solid V X is liquid) 

(3x)(x is solid V X is liquid) 


These are not equivalent. Sentence (9) falsely says that nothing 
is neither solid nor liquid, while sentence (10) truly says that 
something is either solid or liquid. 

However, some simple and important equivalences invol'6 
pairs of negation signs. Consider the existential quantification 
“(3x) (x is liquid)”. Is there any equivalent way in which this 


1 Whenever there would be ambiguity without them, we use parentheses or 
brackets to enclose all that falls within the scope of a quantifier. But instea 
of writing “(x) [~(x is solid)]" we write simply “(z) — (« is solid)”, as there 
is no danger of misunderstanding here. In the absence of parentheses or 
brackets, wo always interpret the scope of the quantifier as being as short as 
would make sense. 
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thought can he expressed ? To say that there is at least one liqnM 

amounts to denying isUquid)”. 

Thus “(3.) (X - liquid) - existeu. 

And the underlying “al quantider flanied rvdh 

tial quantifier is replaced hy . i t *„ the old one 

negation signs, the new sentence any 

Next consider the sentence ()( g^y that each 

equivalent way in which this can „ne thing 

thing is solid amounts to is soHd)” is equivalent to 

t^t IS not principle is perfectly 

■'-(3»)-(ai IS solid) . me by an ex- 

general; "Wlienever a unive cityns the new sentence 

Lential quantifier flanhed with negation signs, 

is equivalent to the old one. ‘t-(x) C* is solid)" is 

eqmTOl.i.t to ‘ W * “ . B liquid) "■ Hurt too thu 

liquid)" is equivalent ^ When a negation sign 

principles involved are pe ^ miantifier is replaced by an 

immediately followed by .^ed by a negation sign, the 

existential quantifier ^ben a negation sign 

new sentence is equiva en quantifier is replaced by 

immediately followed by an ex. ^ negation sign, 

a universal quantifier J . ^ the old. These two 

again the new ®“*'“YLrbl summarised by saying that a 

principles of a quantifier, either forward 

negation sign may be p^s quantifier is changed (i c , 

or bachward, provided ‘f;;, .^^a). 

from universal to “‘^^entml, or ^^^tiflcational equ.va- 

These various kinds o e remember that it 

lence also have some further “ ’ compound sentences that 

is a basic fact about if they are exactly 

any two such sentences have present in the other 

alike except that in one of them 
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has been replaced by something equivalent to it. This means that, 
for instance, Tve can employ onr knowledge of the equivalence of 
*‘-(a:)Ca; is liquid)” to is liquid)” in order to 

conclude that a longer sentence such as “ ( 3y) (y is solid) D (^) 
(rc is liquid)” must be equivalent to “(3y)(2/ is solid) 
D ( 3a:) — (rc is liquid) Here the latter two sentences are truth- 
functional compounds (both are conditionals) and are exactly 
alike except that a component of one has been replaced in the 
other by something equivalent to it. Since the two longer 
sentences are exactly alike in overall form and since each com- 
ponent of the former necessarily agrees with the corresponding 
component of the latter as regards truth or falsity, the two longer 
sentences must agree as regards truth or falsity (i.e., they are 
equivalent) . "We shall make use of these principles of equivalence 
in a later section. 

TEANSLATINQ WORDS INTO SYMBOLS 

Now let us try translating words into symbols. We shall start by 
putting the four traditional forms of categorical sentence into 
quantificational symbols. Let us write as short for "x is a 
Swede”, {“Ssf’ can also be read “x is Swedish” or “a: comes 
from Sweden” ; it does not matter whether we use noun, adjec- 
tive, or verb here.) Let us write “P®*' for "a; is a Protestant’ . 
("Px” can also be read "x is Protestant” or "x accepts Protes- 
tantism”.) The A sentence "All Swedes are Protestants” is equiva- 
lent to "Each thing is such that if it is a Swede then it is ® 
Protestant”. Thus, the A sentence can he expressed in symbols as 

(x) iSx D Px) (A) 

The E sentence "No Swedes arc Protestants” means the same as 
"Each thing is such that if it is a Swede then it is not a 
Protestant”, and it can be written in sjunbols as 
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(E) 

(«) {Sx Z> — P®) 

The I sentence “Some Swedes are Protestants” means “Something 
is a Swede and a Protestant”, and it is written m symbols as 

(I) 

{3x)(Sx&Px) 

The O sentence “Some Swedes are not Protestants”, meaning 
“Something is a Swede and is not a Protestant , becomes 

( 0 ) 

(3x) {Sx & —Px) 

The A and O sentences have to be ^ ^ 

and I. This indicates that an alternative way of ^ 

sentence wonldbe to write the O f 

is, “(.) (s. o p.)” and “-(a.)(&& -p.)” 

lent. It is easily seen that this makes sense, for W > 

of the horseshoe, and that in turn is J 

(Sx & -Px)" in virtue of the principle about pass g S 
' ! mmilarlv an alternative way of sym- 

sign through a quantifier. S ^ ^ negation sign j 

bolizing the E would be to write ^ . >'^(3x)(Sx&Px)’’. 

are P” could ^y^^ere aisjunetion. we see that 

how the conditional is „ Pi) the latter 

“(301) (Soi D Px)” is thing that is either a 

says merely that there e ^ ^ statement ; the 

non-Swede or a Protestant. B «i^ (f„ 

existence of at least one ston^ tiiof 3x) (— vPa;)” and, 

stones are non-Swedes). This s ows Tveaker than the 

with it, “(3X) (Sx D Px)” ™ean somethin, 

meaning of “Some S are P • ^ p» Ije 

A kindred “ ^,T t” see that this is a mistake, let 

rendered as “(a?)"" ^ * _«q of disjunction, getting 

us rewrite the conditional m terms 
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"{x)-{-Sx'i'PxY’. Using De Morgan’s law, we can rewrite 
this as "{x) [Sx & -Px)". But this says that everything is both 
an S and a nonP. This is a very strong statement, far stronger 
than that of “No S are P". Thus “(.x)-(.8x D Px)” cannot 
be equivalent to “No 8 are P”. 

So far, we have been symbolizing relatively simple sentences. 
We can handle a much richer variety of sentences if we extend 
our symbolism in two ways. For one thing, we shall use capital 
letters followed by more than one variable to symbolize relations 
between things. Thus we can write “Ixy”, for example, to mean 
influences y”. Here it is important to notice that the order of the 
variables 'V’ and "y” in the expression ‘‘Ixy” is in one respect of 
no significance : “Icy” can be put into words either as “x influences 
y” or as “y is influenced by x”. But in another respect the order 
makes an essential difference: “Ixy” is not interchangeable with 
“lyx", for the former means “x influences y” whereas the latter 
means “y influences x”. Also, we shall allow one quantifier to 
occur within the scope of another. Thus we can write such 
symbolized sentences as the following: 

(3a:)(3y)7xy 

{x){y)Ixy 

{3x)Ixx (3) 

(x)Ix,r 

Here (1) means that there is something such that there JS 
something it influences; in otlier words, something influences 
something. Example (2) means that each thing is such that each 
thing is influenced by it; that is, everything influences everj'thmg* 
Notice that (2) does not mean merely that everything influences 
everj’thing else; it means that everything influences everythiDof 
including itself. Example (3) means that something influences 
itself. Example (4) means that everj'thing influences itself- 

Now that we are allowing one quantifier to occur within the 
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„„ .t ..otte, w. ™t th.t .-.U~ 

r..r.r.;=T— — - - 

«a« •; »"“'twrr.X»£ 2- 

■wliicli means that there is some ““® first says 

ences. These two ,, l.ss’t one thing that it 

that, whatever we seleet, there is y 

influences, whereas the secon The second sentence saj s 

snehthatwhateverwepiehi— 

more and logically implies the first , the nrst 

might be true even i£ the ““anslating words into 

Let us now get some practic it is usually 

quantificational symbols. In toward the symbolic 

best to proceed step by step, mo g g means “x 

formulation. Let “P” mean “is a person - 

is a person”, “Py” means “y is a Pf"®® ’ means “y 

"resembles” (so that symbolize four sentences! 

resembles®”, and so on). , „ntence we move step by 

working downward from each original sentence, 
step toward a symbolization of it. 


Everyone resembles someone. 

Each person resemhles ^ „semMes someone. 

Each ® is such that, if m le a P 
(i) (P® D ® resemhles 

(xWx D there is ,, resemhles y)] 

(x)[P®D a,j) (y is a person res 

(x)[PxD {3y)(Py&Pry)] 

Someone resemhles everyone. 

There is a person who reeem 
( 3i) (I is a person & x resem 
( 3x) {Fx & each person is re 
(3x)[Pa:&,(y)(^’J/^ 
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Someone resembles someone. 

There is a person who resembles someone. 

( 3x) {Px & X resembles someone) 

(3a:)[Fa:& (3i/)(Pj/&Ba^)] 

Everyone resembles everyone. 

(x) (Px D X resembles everyone) 

(x) (Px D everyone is resembled by x) 

Xx) {Px D each person is resembled by x) 

<x)[Px Z) {y){Py D Rxy)'[ 

These are not the only correct way^ of symbolizing the origiiial 
sentences, but they are the easiest ways. When a true-or-false 
sentence is properly symbolized, every occurrence of a variable m 
it must fall within the scope of the proper quantifier. Free var- 
iables never occur in the symbolization of sentences like these. 

The following is an argument of medieval vintage and is 
example of a valid argument whose validity cannot be established 
either by syllogistic or by truth-functional methods; 

All circles are figures. 

Therefore, whoever draws a circle draws a figure. 

We are not yet in a position to show that the argument is valid, but 
we can now symbolize its premise and conclusion. The premise 
becomes 


(®)(CxD Px) 

Symbolizing the conclusion is more difficult and is best done step 
by step. Two initial steps can be 


Each thing is such that if it is a drawer of a circle then it is a 
of a fignre. 

(x) (x Is a drawer of a circle D x is a drawer of a figure) 


In order to exhibit the connection between the premise and the 
conclusion of the argument, we must introduce into our versiou o 
the conclusion the letters *‘C" and "P" that we used in the premise. 
Otherwise we would not bring out those aspects of the loS‘® 
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structure that are germane to the validity of the 'argument. We 
can do this as follows: 

(x)[(:r is a drawer of something that is a circle) D (a: is a drawer of 

something that is a figure)] . a- ^ 

(X) [(something is a circle & e: draws it) D (something is a figure & 

draws it)] 

{!c)U^y)(.Cy&xiim!ey) D ( 3 y)(Py&s: draws i/)] 

Now if we use "D" to express the relation "draws”, we have 

{x)\.ay)(.Gy&Dxy) D Oy)(Fy&Dxy)'i 

Thus we have symbolized both the premise and 
the argument in such a way as to exhibit the logic s^u ur 
involved in the reasoning. In the next section we “ 

method by means of which the validity of an argument like this 

be established. 


Exercise 18 

... 

Vo any of them contradict each othert 

1 There is someone whom everybody fears. 

2 Everybody fears someone or other. 

3 Everybody is feared by someone or other. 

4 Nobody fears everybody. 

6 Nobody fears nobody. 

6 Someone does not fear everyone. 

7 Nobody fears anybody. 

3 Someone does not fear anyone. 

Let "S” mean sailer’ , let 0 ,,,rds. 

mean "has'\ Translate each of tne j 
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1 {x){SxD-Gx) 

2 {'ix){Gx&-8x) 

3 (3x)[Sa:&(3j/) Ha:y] 

4 (3a;)[fira^& (3y)(Gy&B'xy)] 

5 (aj)[Sa:D (3y) (Gy & Kaiy)] 

6 (3x)[Sx& (y)(Gy 3 Hxy)] 

7 {^x)[Gx^(y){SyDSxy)] 

8 (y)[Gy 3 (3x)(^x&ffxy)] 

9 (x)[;Sx D (y) (Gy 3 H^y)] 


Give a clear reason why each of the follomng iranslaUons « 


not correct. 

1 No sailors are girls. 

2 Every sailor has a girl. 

3 There is a sailor -who has 
every girl. 

4 There is a girl who is every 
sailor’s. 

5 Every girl is some sailor’s. 


(x)-{8xD Gx) 

(x)SxD (3y) ((?!/& H*!/) 
(3x)[SxD {y)(GyOBxy)] 

(3y) [ffy&(x) (SxSsBxy)] 

(3x)[5x& {y)[Gy 3 Bxy)] 


Symbolize the folloiving: 

1 Every problem is solvable by some method or other. 

2 There is a method by which every problem is solvable. 

3 There is a post ofBce in every city. 

4 If anything is damaged, someone will have to pay for it. 

5 Someone will have to pay for everything that is damaged. 

6 If something is damaged, someone will have to pay a fine. 
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7 If any automobiles are solid gold, then some automobiles are 
expensive. 

8 If all trespassers are violators of the law and only hoboes are 
trespassers, then if there are any trespassers some hoboes are 
violators of the law. 

9 If all teachers are perfectionists and no students are hard- 
working, then some teachers will be frustrated. 

10 If any student is careless, then if all teachers are perfection- 
ists, he will be censured. 

11 There is a disease that any doctor can cure; therefore, every 
doctor can cure some disease or other. 

12 There is a politician whom everyone likes; therefore, there is 
a politician who likes himself. 

PROVING VALIDITY OP ARGUMENTS 

Neither Venn diagrams nor truth tables provide a method that is 
sufficient for establishing the validity of quantificational argu- 
ments. To do this we need a more powerful method. We shall use 
an extended version of the method of deduction that was devel- 
oped in the preceding chapter. 

Suppose we are interested in the argument "There is some- 
thing that causes everything; therefore, each thing has some eaase 
or other”. This argument can be sjnnbolized "(3z) (i/)Cxi/, 
therefore (y) (32) Cxy". To claim that the argument is valid is to 
claim that it is impossible for the premise to be true but the 
conclusion false. This amounts to the same thing as claiming that 
the sentence *‘( 3 x) (ij)Czy & -(y) (3x)Ozy” is a contradiction 
(that is, inconsistent, necessarily false). If we had a way of 
showing that the latter sentence is a contradiction, we would 
thereby have a way of showing that the original argument is valid. 

How can we show a sentence to be a contradiction t The 
reducfto ad ahsvrdum reasoning mentioned in Chapter 3 gives a 
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hint. Suppose we could show that from a sentence some other 
sentence that is definitely a contradiction validly follows. This 
would mean that the former sentence could be true only if the lat- 
ter were, and since the latter is a contradiction and cannot he true, 
the former cannot he true either and must be a contradiction also. 
Going hack to our example, if we can show that some obvious con 
tradietion follows validly from ‘'(3a:) (y)Cxy & — (.y) (3:r)Ca:t/ , 
then we shall have shown that our original argument C 3 a:) 
therefore (y) (,3x)Oxy" is a valid argument. "We need to develop 
some rules of deduction that will enable us to do this. 

Let us introduce the letters “a”, “b”, “c", etc., which we shall 
employ as names for particular things in the universe. We must 
regard each letter as naming just one thing, at least during the 
course of any one deduction (although a letter might name 
different things in different deductions) . By a universal quantifi- 
cation, we mean an expression that starts with a universal quan- 
tifier whose scope is all the rest of the expression. A universal 
quantification such as “(^c) is physical)”, which we might write 
" (x)Fx*’, says that everything is physical ; thus from the universal 
quantification we are entitled to infer “Fa”, “Fb”, “Fo”, etc. Here 


we are simply making use of the idea that what is true of every- 
thing must be true of each particular thing. 

Here the singular sentence "J^a” is called an instance of the 
universal sentence “(,x)Faf\ In general, an instance is any- 
thing that we get from a quantification by removing the quantifier 
and inserting a name in place of the variable. (The name is 
be inserted in all those places where the variable of quanti 
fication occurred.) Even if we do not know what the various 
letters mean, we still can tell that “Fa D Ga” is an instance of 
“{z)(Fz'D Gz)”, that "Hbc^^ is an instance of “{x)S3:c’, that 
(3j/)J2ci/c” is an instance of “(s) (3y)Kzyz”, and also that 
“(3y)Bci/c” is an instance of “{z) {3y)ltzyc”. However, 
“Fa D Gx” is not an instance of “(a:) {Fx D Gx)", for the name 
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has not replaced all occurrences of the variable of quantification. 

This rule of universal instantiation is perfectly general : It 
says that from any universal quantification we may validly deduce 
any instance of it. Notice, however, that the rule does not entitle 
us to infer ‘"Fa D P” from "(x)Fx D P". This case is improper 
and does not accord with the rule, because the expression irith 
which we start is not a universal quantification ; the quantifier does 
not govern the whole of the expression. (Here “P” is to be thought 
of as a letter of the kind we used in the preceding chapter ; it is 
short for some whole sentence.) To see that this case is improper, 
think of the sentence “If everything is physical, Plato was mis- 
taken'^, which may be symbolized “(x)Fx D P", and think of the 
sentence “If this book is physical, Plato was mistaken", which may 
be symbolized “Fa D P", The first could be true even if the sec- 
ond is false, which shows that the second cannot follow validly 
from the first. 

An expression is called an existential quantification if it starts 
with an existential quantifier whose scope is all the rest of the 
expression. An existential quantification “(3ar)Pzr" says that 
there is at least one thing that is an F. Now let us take the 
letter “a” and arbitrarily use it as a name to refer to this thing (or 
to one of these things) that is supposed to be an F. If we 
understand V in this way, we may derive “Fa” from “(3a:)Fx”. 
Here too we can employ the notion of an instance : Anything is an 
instance of an existential quantification if it can be derived from 
the quantification by dropping the initial quantifier and inserting 
a name in all the places where the variable of quantification 
occurred. 

The rule of existential instantiation tells us that from any 
existential quantification we may infer any instance of it, with one 
qualification. If we are to avoid fallacious reasoning, this rule has 
to be hedged with a restriction. Vfe shall formulate the restriction 
as follows: When the instance is inferred by means of existential 
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instantiation, the name being introduced into the instance must be 
one that has not previously been used in the deduetion. Before we 
discuss this restriction more fully, let us first see how the rules are 
used. 

In order to establish the validity of the argument 

“(3x)(y)Ca:i/, therefore (y) ( 3a:) Cii/”, which we were considering 

previously, we wanted to derive some obvious contradiction from 
“(3a:) {y)Cxy & -(i/) (3a:)Ca:y”. We now are in a position to do 
this. Let us draw up our work in the form of a deduction. We 
shall use our two quantificational rules, the quantificational equiva 
lenees from earlier in this chapter, and also the truth-functional 
principles from Chapter 3. 


1. (3x) (i/)Cjcy & 

— (y)(3a:)Cxy 

2 . i^x){y)Cxy 

3. {y)Cay 

4 . ~{y){^3:)Cxy 

5. {2y)~{‘5x)Cxy 

6. ~(2x)Cxb 

7. Cab 

8. {x)-Cxb 

9. -Cab 

10. Cab & —Cab 


Premise 

Fioml by conjunctive simplification (conj. sitnp.) 
From 2 by existential instantiation {E.I.) 

From 1 by conj simp. 

From 4 by quantificational equivalence {quant, 
equiv ) 

From 5 by E.I. 

From 3 by universal instantiation {UJ.) 

From 6 by quant, equtv. 

From 8 by D.I. 

From 7, 9 by conjunctive adjunction {conj adj ) 


Looking at the deduction as a whole, we see that in the last line we 
have derived a definite contradiction of the form “P & ~~‘P 
Conclusions of this form are the clearest and most obvious of 
contradictions, and so we shall use them as the standard type of 
contradiction, always trying to obtain a conclusion of this form as 
the last line of a quantificational deduction. In this deduction 
the contradiction was validly derived from the first line, and 
first line must be a contradiction too This shows that our origin 
argument was valid. Here then is our method for showing the 
validity of valid quantificational arguments 
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Going back now to the rule of existential instantiation, we see 
that there must be some kind of restriction upon it. A sentence 
such as ^‘{'^x)Fx” says that at least one thing is F, and if we 
think of the letter "a” as naming such a thing, then we may infer 
*‘Fa’\ But clearly it is important here that “o” be a name which 
has not previously been assigned some other special sense elsewhere 
in the same deduction. Invalid reasoning can easily occur if we 
neglect this restriction and allow a single letter to be assigned more 
than one special sense in the course of a deduction. For example, 
the expression (3a;)— Fic” is not a contradiction but 

the following deduction purports to show that it is: 


!• (3x)Fa:& (3a:)— Fa; 

2. (3x)Fx 

3. Fn 

4. (3a:)— Fx 
6. -Fa 

6» Fa & —Fa 


Premise 

From 1 by conj. simp. 
From 2 by E.I. 

From 1 by conj. simp. 
From 4 by E.I. 

From 3, S by conj. adj. 


This deduction claims to show that a contradiction follows from 
the first line and therefore that the first line is a contradiction. 
But that is not so, and the deduction is illegitimate. The fallacy 
is that in getting line 3 we have chosen to think of "a" as naming a 
particular thing that is F, but in line 5 ve think of the same letter 
“a” as naming a particular thing that is nonF. It is illegitimate to 
assume that the thing that was the P is the thing that is the nonF; 
there is no reason why they need be the same thing. The mistake 
lies in line 5, where the name introduced into the instance ought to 
have been a name that had not occurred before in the deduction. 
Here is another example to illustrate how this restriction is 
needed to prevent fallacious reasoning. The sentence "There is 
something that causes everything” does not follow from "Bach 
thing is caused by something or other”, yet here is a deduction 
that purports to show that it does follow : 
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1- l.^){'iy)Cxy & —(3y)(x)Cx!i 

2. [x){3y)Cxy 

3. (3d) C ot/ 

4. Cab 

6- —(.3y){x)Oxy 

6. (,y)—(,x)Cxy 

7. -(o:)C3:Ii 

8. {3x)~Cxb 

9. —Gab 

10. Cab & —Cab 


Premise 

From 1 by conj. simp. 
From 2 by 17.1. 

From 3 by E.I. 

From 1 by conj. simp. 
From 5 by quant, equiv. 
From 6 by U.I. 

From 7 by quant, equiv. 
From 8 by EJ. 

From 4, 9 by conj. adj. 


By apparently deducing a contradiction from the conjunction 
of “{x){'5y)Cxy'’ with the negation of “ (^y) {x)Gxy", this de- 
duction purports to show that the latter validly follows from the 
former. This is fallacious, and so we must thinh over the steps m 
the deduction to see what is wrong. In line 3 we let the letter O' 
refer to an individual object, any object we please. Then in line 4 
we let the letter “6” refer to an object related to the object a. Our 
choice of a was completely free, but our choice of b was not ; b has 
to be an object to which a bears the C relation. So far it is all 
right. Then in line 7 we chose object b again ; this is still all right, 
for line 6 is true of everything and so must be true of b . But m 
line 9 we chose a again, and this is the mistake. In line 9 we 
should have chosen a particular object not bearing the C relation to 
5. Line 8 guarantees us that there is at least one such object, but 
we have no guarantee that a is such an object. The letter “a 
not used for the first time in line 9, for “c" was previously 
introduced to refer to the object chosen in line 3. We have no 
right to assume that the sense assigned to “a*' in line 9 is 
compatible with the sense previously assigned to "a” in line 3 We 
can avoid this sort of fallacy in deductions by insisting upon the 
restriction that the name introduced by means of existentia 
instantiation must always he a new name that has not previously 
been used in the deduction. 
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Let us conclude this section by returning to the medieval 
argument symbolized at the end of the preceding section. We now 
are able to demonstrate its validity by means of a deduction. 


1. {x)(axDFx) 

Premise 

&~(x)[i3y)(Cy&Dxy) 

D (3y)iFy&Dxy)} 

2’ ~{x)[(3y)(Cy&Dxy) 

From 1 by conj. simp. 

3 {3y){Fy&Dxy)] 

3. (3x)-l(3y)(Cy&Dxy) 

From 2 by quant, equiv. 

D {3y)(Fy&Dxy)] 

—[(^y)(.Cy&Day) 

From 3 by EJ. 

D {3y)(Fy&Day)-i 

6- (.3y){Cy&Day) 

From 4 by equivalence 


i3y){Cy&Day) 

From 5 by conj. simp. 

7. Ob & Dab 

From 6 by EJ. 

*• ~{3y){Fy&:Day) 

From 5 by conj. simp. 

9. (_y)—(Fy&Day) 

From 8 by qwnt. equiv. 

10. -{Fb&Dab) 

From 9 by U.I, 

11. {x)(CxOFx) 

From 1 by conj. simp. 

12. Oh 3 Fh 

From 11 by VJ. 

13. Ob 

From 7 by conj. etmp. 

14. Fb 

From 12f 13 by modus ponens 

16. Dab 

From 7 by conj. simp. 

16. Fb&Dab 

From 14, 15 by conj. adj. 

17. {Fb &; Dab) & -{Fb&Dab) 

From 16, 10 by conj. adj. 


Looking back over this deduction, we see that the steps are correct 
and that the deduction establishes the validity of the original 
argument. It should be emphasized that there can also be otlicr 
•correct series of steps that will establish the desired result. 

But you may wonder how the deduction was invented. The 
rules of deduction tell us many Kinds of steps that we wtoy 
perform, but they do not tell us what we must do to finish the 
deduction; for that, some triaband-error work will be needed. 
'The aim in constructing the deduction is to reach a last line of the 



156 


The Elements of Logic 


form “p & -p”; anything of that form -will do. Now, if we are 
to obtain that sort of obvious contradiction here, it is likely that 
we shall need different instances, some of which contain the same 
names. (If we introduce a new name into each new instance, we 
are not likely to obtain any contradiction.) For this reason, it is 
wise, insofar as possible, to perform B.I. before we perform U.I. 
Doing so allows us to introduce into the U.I. instance the same 
name that previously we introduced into the E.I. instance, thus 
improving the chances of obtaining a contradiction. This is why 
in the earlier lines of the deduction we elect to deal first with the 
right-hand part of line 1, upon which we can perform E.I., rather 
than with the left-hand component, upon which we would have to 
perform U.I. Then in lines 10 and 12, when we finally perform 
U.I,, we choose the previously used name which seems to offer 
most promise of yielding a contradiction. 

Our principles for use in quantificational deductions follow: 

Principles for use in quantificational deductions 

I. We may use any of the principles of truth-functional deduction 
that were listed in Chapter 3. 

II. QUANTiriCATIONAL KXJIJSS OP rKPEBENCB 

Universal instantiation (17.1.) : From any universal quantification 
we may validly infer any instance of it. 

Existential instantiation {E.I.) : From an existential quantification 
we may validly infer any instance of it, provided that the name 
being introduced into the instance is new to the deduction. 

III. QTJANTIFICATIOKAI, EqX7IVAI.EHCES 

(From a sentence we may validly infer any sentence equivalent 
to it.) 

1. Two sentences are equivalent if they are exactly alike except 

that, where the first contains a negation sign immediately ^ 
lowed by a universal quantifier, the other contains an existentia 
quantifier immediately followed hy a negation sign; e.g.. " ^ 
Fx" is equivalent to “( 3^^) — Fx”. . ^ 

2. Two sentences always are equivalent if they are exactly a 
except that, where the first contains a negation sign immediate 
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foUotted by an existential qnantilier, the second contains a uni- 
versal quantifier immediately followed by a negation sign; e.g., 
( da) Fx” is equivalent to “(x) — Fx”. 

Two more quantifieational equivalences will be added later. 
Exercise 19 


Each of the following {& a correct deduction. Explain the 
justificatioti for each stepf and state what the deduction shows. 


1 1. (.x)(SxDPx) 

& (3x) 

2. {'3x) {Sx &—Px) 

3. Ea & — Pa 

4. {x){SxOPx) 

5. Sa D Pa 

6. 8a 

7. Pa 

8. -Pa 

9. Pa & —Pa 

3 1. [(x)(jra;D -Px) 

& (x) (SxD Mx)] 

& — (x) (Sx D — Px) 

2. -(x)(SxD -Px) 

3. (3i)-(S'xD -Px) 

4. -(8a D -Pa) 

5. (x) (ilx 3 -Px) 

& (x) (Sx D fill) 

G. (x) (Mx 3 -Px) 

7. 3fo 3 -Pa 

8. (x)(Sx3il/x) 

9. Sa 3 ilfo 

10. jGuliPa 

11. Sa 

12. .Ifa 

13. -Pa 

14. Pa 

15. Pa <L -Pa 


2 1. (x)Fz& —(y)Ftj 

2. -(y)P!/ 

3. (3!/)-P2/ 

4. -Fa 

5. (x)Fx 

6. Fa 

7. Fa & — Po 


4 1. (3x)[Gx&(!/)(G'j/ 

Dnxg)]& 

-(lx)(Gx&Itxx) 

2. (3x)[Gx& (y)(Gy 
3 //xy)] 

3. Gb & (y) (Gy 3 P6y) 

4. (g)(G<jOm<j) 

5. Gi 3 Gbb 

C. -(3i)(GiS,//ii) 

7. (x) — (Gx & llxx) 

6. -(Ob&.mi) 

S. Gh 

10. mb 

11. -libb 

12 . mb i- -mb 
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5 1. {^z)[-Bzz&i{y)Rzy] 

2. —Bcc& {y)Bcy 

3. {y)Bcy 

4. Bcc 

5. —Bcc 

6. Bcc & —Bcc 


6 1 . 

2. 

3. -[(y)/’y 3 

4. (y)Fy&-J'a 

5. (y)Fy 
G. Fa 

7. —Fa 

8. Fa & -Fa 


Explain the justification of each legitimate step. If 
is illegitimate, explain why and consider whether the deduction 
could he rearranged so as to demonstrate the same result 
legitimately. 

1 1. {x)Fx&-{y)Fy 

2. ix)Fx 

3. Fa 

4. -iy)Fy 

5. {^y)-Fy 

6. —Fa 

7. Fa & -Fa 


USING THE METHOD 

Questions These Deductions Can Ansiver 

Our method of deduction enables us to demonstrate that a 
quantifieational sentence is a contradiction. "We do so by showiuS 
that from the given sentence a truth-functional contradiction of 
the form “p & — p” validly follows. As we have already seen, this 
method can be used to answer questions about the validity oi- 
arguments, because any question about the validity of an argument 
(or about an implication) can be rephrased as a question about 
whether some sentence is a contradiction. 


2 1. i^x){3y)Bxy& 
— (3x)Bxx 
2. {^x){3y)Bxy 
Z. i^y)Bay 

4. —(3x)Bxx 

5. (x)—Bxx 

6. —Baa 

7. Baa 

8. Baa & —Baa 
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If we want to test the validity of a quantificational argument, 
we put the premise into conjunction with the negation of the 
conclusion, and we try to show that this conjunction is a contradic- 
tion. When we have an argument with more than one premise, 
we can also use this method. However, now we must form a 
conjxinction of all the premises, put this into conjunction with the 
negation of the conclusion, and see whether this is a contradiction. 
If it is, that shows that it is impossible for the conclusion to be 
false provided all the premises are true; that is, it shows that the 
premises imply the conclusion and the argument is valid. 

Another question we can handle is whether a quantificational 
sentence is necessarily true in virtue of its quantificational form. 
This question can be rephrased as a question about a contradic- 
tion. That is because a given sentence is necessarily true if and 
only if its negation is a contradiction. For instance, a sentence of 
the form “(«) (Fx D FxY* is necessarily true if and only if the 
corresponding sentence of the form "‘-^(xKFx D Fx)'^ is a 
contradiction. This provides a method of demonstrating the 
necessary truth of a quantificational sentence: We form the 
negation of the given sentence and then show that this negation is a 
contradiction. 

Strategy in Using the "Rules 

In constructing deductions, we must use a little strategy in 
order to avoid being baited by the restriction on the rule of 
existential instantiation. The restriction requires that any name 
introduced by means of E.I. must be a new name. We should not 
let this restriction prevent us from getting the legitimate results 
that we want. For example, suppose we are trying to show by 
deduction that a syllogism of the type AH in the first figure is 
valid. Symbolizing the premises and putting them into conjunc- 
tion with the negation of the conclusion, we have the follow- 
ing: 
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1 [(®){MxD Pa:) & {3i:){Sx&Mx)] & -{3x)(Sx&Fx) 

We might then attempt to deduce a contradiction from this by pro- 
ceeding as follows: 


2. (a:) {Mx D Px) & { 3a:) (Sx & Mx) From 1 by conj. simp. 

3. (x) (Mx D Px) From 2 by conj. simp. 

4. Mo D Pa From 3 by U.I. 

5. ( 3x) {Sx & Mx) From 2 by conj. simp. 


But now we are in trouble. Wc cannot properly obtain “Sa & 
from line 5 by E.I., for the name “ffl” already has been used in the 
deduction, and no other instance would yield a contradiction. 
Here the solution is to take our steps in a different order. ^6 
perform E.I. first, and then U.L 


1. [(x)(MxD Px) & (3x)(5x&3Xx)) &-(3x)(S'x&Px) 

2. (x) (Mx D Px) & ( 3x) (Sx & Mx) From J by conj. simp 


7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 


(3x)(Sx&Mx) 

Sa & Ma 
(x) (Mx D Px) 

MaD Pa 
— (3x)(5x&;Px) 
(x)—(Sx&Px) 
-(Sa&Pa) 

Mo 

Pa 

Sa 

Sa & Pa 

(Sa&Pa) &^{8a&Pa) 


From 2 by conj. simp. 

From 3 by EJ. 

From 2 by conj. simp. 

From 5 by V.I. 

From 1 by conj. simp. 

From 7 by guonf. eqniv. 
From 8 by U.I. 

From 4 by conj. simp. 

From 6, 10 by modus ponens 
From 4 by conj. simp. 

From 11, 12 by conj. adj. 


Here we get the contradiction we want, because we have arranged 

' • • As 

the sequence of steps so that we do not violate the restriction, 
was mentioned at the end of the preceding section, it always is 
to perform E.I. before U.I., insofar as that is possible. 

As another example of strategy, let us consider how we cou 
show that the sentence “There is something such that if somethiUo 
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is physical thcji it is physical” is necessarily true. We may 
symbolize it '‘(3x)[(3!/)Ft/ D fx]". To show that it is neces- 
sarily true, we must derive a contradiction from its negation. 

1- -(33:)[(3i/)Fyr)F:c] 

2. (a;) — [(3f/)Fy D Fx] From 1 by quant, equiv. 

3 Fa] From 2 by UJ. 

4. (3t/)Ft/&— Fa From 3 by equivalence 

5. (3t/)Ft/ From 4 by conj. simp. 

At this point in the deduction we are prevented from reaching 
“f’o” as the next line, for that would violate the restriction. And 
here we cannot perform the existential instantiation first, because 
the existential quantifier is buried within the scope of the universal 
quantifier. (The rule of existential instantiation allows removal 
of an existential quantifier only when it stands at the beginning of 
the expression and governs the whole.) Here the problem of 
strategy is momentarily puzzling. The solution is to use another 
name and then go back and obtain a second instance from the 
universal quantification so as to produce the contradiction. 


6. Fb 

7. -[(3f/)FyDFfe] 

8. ( 3y)Fy & — F5 

9. -Fb 

10. Fb& — Fb 


From 5 by EJ. 

From 2 by U.I. 

From 7 by equivalence 
From 8 by conj. simp. 
From G, 9 by conj. adj. 


In inventing deductions like these, we have to use trial and error, 
experimenting with various possibilities until we find a combina- 
tion of steps that will yield the needed result. 


Arguments Containing Singular Sentences 
A sentence containing a proper name or other phrase that 
purports to apply to exactly one individual is called a singular 
sentence. Such sentences can be translated into categorical form. 
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as ■we saw in Chapter 2. But quantificational symbolism offers a 
better way of treating them, for we can use the letters “a”, 

"c”, etc., as names. Thus, for instance, “All philosophers are wise ; 
Socrates is a philosopher; therefore Socrates is wise” can be 
' symbolized as “(x)(Pa:D TFx), Pa, therefore Wa”. Here “a" 
refers to Socrates. "We can demonstrate the "validity of the 
syllogism thus: 


1. [ (x) {Px D TVx) & Pa] & -IFo 

2. (a:)(PxD Tya:)&Pa 

3. (a:) {Px ID TPa:) 

4. Pa D TFa 

5. Pa 

6. T7a 

7. -TTa 

8. Wa & — TTa 


From 1 by con j. simp. 
From 2 by conj. simp. 
From 3 by U.l. 

From 2 by conj. simp. 
From 4, 5 by modus ponens 
From 1 by conj. simp. 
From 6, 7 by conj. adj. 


Exercise 20 

In each case construct a quantificational deduction to show 
that the example is logically correct. 

1 Something is bigger than something” validly follows from 
“Everything is bigger than something”. 

2 If there is something such that everything is bigger than it, 
then for each thing there is something than which it is higg^^ 

3 Nothing is bigger than anything” contradicts “Something 
is bigger than something”. 

4 All these jewels are valuable. ‘Whatever gets lost will have to 
be paid for. Therefore, if everything valuable gets lost, then 
all these jewels will have to be paid for. 

5 There is a subject that is liked by any student who likes any 
subject at all. Every student likes some subject or other. 
Therefore, there is a subject that is liked by all students. 



Quantification 


163 


6 Every logical problem is challenging. Anyone who solves any- 
thing challenging deserves credit. Someone clever solved 
certain logical problems. Therefore, someone clever deserves 
credit. 


7 


8 

9 

10 


The regulations of a certain ship state that any barber aboard 
this ship must shave aU and only those aboard tbe ship who do 
not shave themselves. Therefore, accoriUng to these regula- 
tions there is no barber aboard this ship. 


Every elephant is bigger than any mouse. Dumbo is an ele- 
phant. Mickey is a mouse. Therefore, Dumbo is bigger than 

Mickey. 


No human person is his own father. Therefore, a person who 
is father of every human person is not human. 


Infinity is bigger than every countable 
infinity is not a countable number, since 
than itself. 


number. Therefore, 
no number is bigger 


EXTENDING THE METHOD 

Although our method already gables j 

examples, it still is not comp - ^ 

examples with which we are “_j‘'J“'^,,„ntradiction,we 

difficulty is this. Inusing theme quantifications 

need to be able to obtain instanc ^ 

that occur in the first line. The r es ^ quantifier 

obtain an instance from a quantification J 

is at the very beginning and govCTi^t^ej^^ 

we have to derive from the 

quantifiers at the beginning go-i -^en the first line is a 

lines we in turn obtain our ^e^ations, the truth- 

conjunction of quantifications o ° together with the 

functional rule of conjunctive sunpl.fication 
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quantificational equiralences suffice to enable us to derive the new 
lines needed, each having at its beginning a quantifier that governs 
the whole. But where the first line contains quantifications that 
are linked together in ways other than mere conjunction, the rule 
of conjunctive simplification is powerless. 

Consider the quantificational sentence "Either everything is 
solid and not solid or everything is liquid and not liquid”, which 
may be symbolized *^{x) (SxSi—Sx) v {y) {Ly &■ ~Ly)”. This 
sentence is a contradiction, but so far we do not have any way of 
showing it to be a contradiction. If we write this as the first line 
of a deduction, there is no rule permitting us to take any useful 
step beyond the first line. "We shall now extend our method by 
adding to it a pair of further principles of equivalence that will 
enable us, in cases like this, to obtain the needed further lines, each 
having at the beginning a quantifier governing all the rest. 

Consider the two sentences ; 

Either each thing is mental, or Berkeley’s philosophy is mistaken. 

Each thing is such that either it is mental or Berkeley’s philosophy 
is mistaken. 

If we write “M” for “mental” and “B” for the whole sentence 
“Berkeley’s philosophy is mistaken”, we can symbolize the two 
sentences thus: 

{x) (M«vB) 

The first sentence is a disjunction one component of which is ^ 
universal quantification, while the second sentence is a universal 
quantification of a disjunction. The two sentences are equivalent, 
however, for each is true if and only if either everything is mental 
or Berkeley’s philosophy is mistaken. The underlying principle of 
equivalence here can be stated in more general terms: Any 
disjunction, one part of which is a universal quantification, may he 
rewritten in the equivalent form of a universal quantification of a 
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disjunction. Returning to our earlier example, we now can carry 
out tlie desired deduction. 


1. (x)(5x&~^x)y(f/)(Z,!/&-Ly) 

2. (x)[(5x&-5x)v(y)(iy&-Ly)] 

3. (So & — 5a) V {y)(Ly& — Li/) 
{!/)[(S'a&-5a)v(Ly&-Ly)] 

5. (5a&-5a)v(La&-Zfl) 

6. {Sak-Sa) D {SnL-Sa) 

7. (Lo&-Lfl) D (5o&-5a) 

8. 5a & ~5a 


Fraw i hij quant, equiv. 
From 2 by UJ. 

From 3 by quant, 

From 4 by VI. 

Tautology 

Tautology 

From 5, €, 7 ; Ailemma 


Here we twice make use of our new principle of quantificational 
equivalence, first in line 2 and again in line 4. In each case we take 
a universal quantifier that governed only one eomponent of a 
disjunction and move it so that it governs the whole disjunction. 

Still another kind of example that our method does not yet 
enable us to handle is illustrated by the sentence “Either something 
is liquid and is not liquid or something is solid and is not solid”, 
which maybe symbolized "(3x)(Lx&— ix) v (3y) 5y)”. 

This sentence is a contradiction, but here again we cannot show 
that it is so, for our rules do not yet enable ns to take any useful 
step beyond the first line. "We need one more principle of equiv- 
alence. 

To understand this last principle of equivalence, consider 
these sentences : 


Either something moves or Zeno’s philosophy is correct. 

Something is such that either it moves or Zeno’s philosophy is correct 

‘Writing “ill” for “moves” and for the whole sentence “Zeno's 
philosophy is correct”, we can symbolize these as follows: 


The first sentence is a disjunction one component of which is an 
existential quantification, while the second sentence is an existen- 
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tial quantification of a disjunction. They are equivalent, however, 
for each is true if and only if either at least one thing moves or 
Zeno’s philosophy is correct. The underlying principle of equiva- 
lence here can be stated in general terms : Any disjunction, one 
part of which is an existential quantification, may be rewritten in 
the equivalent form of an existential quantification of a disjunc- 
tion. Returning to our example, we now can complete the de- 
sired deduction. 


1. (3x)(X*&-La)v(3y)(5t/&-Sy) 

2. (3x)[(Lx&-Lx)v(3y)(5y&-firy)] 

3. (La & —Xo) V (3y) (5^y& —fi^y) 

4. (3y)[(La&-La)v(5y&-£ry)] 

5. {La&-La)y {Sb&Sb) 

6. (La&— La) 3 (La&— La) 

7. (SbSi-Sh) 3 (La&-La) 

8. La & '—La 


From 1 by quant, equiv. 
From 2 by E.I. 

From 3 by quant, equiv. 
From 4 by E.I. 
Tautology 
Tautology 

From 5, 6, 7; dilemma 


Here we twice mahe use of our newest principle of quantificational 
equivalence, first in line 2 and again in line 4. In each case we take 
an existential quantifier that governed only one component of a 
disjunction and move it so that it governs the whole disjunction. 

These principles of quantificational equivalence for use in de- 
ductions involve negation and disjunction, and so by themselves 
they do not tell us how to deal with lines in which quantifications 
are linked by the conditional or other truth- functional compounds. 
However, the conditional or any other truth-functional compound 
can be equivalently expressed using nothing but conjunction, 
negation, and disjunction; thus we are able to take the steps we 
need. For example, the sentence “If everything is liquid or not 
liquid, then something is solid and not solid” is shown to be a 
contradiction in the following manner; 


1. (x)(Lxv-Lx) 3 (3y)(5^y&-5y) 

2. —{x){Lxv—Lx)y{2y){Sy&~Sy) From 1 by equivalence 

3. (3y)[-(x)(Lxv-Lx)v{^y&— fiTy)] From 2 by quant, equiv. 
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4. —(x)(LxY—Zx)v(Sa&—Sa) 

5. (3x)~-(Lxv ~Lx) V (Sa&^Sa) 

6. (3a:)[— (Iiv— ii) V (5o&— So)] 

7. -(Lby-Lb)y(Sa&-Sa) 

8. (-Lb&Zb)y(Sa&-Sa) 

9. (Sa&Sa) D (Sa&Sa) 

10. {-Zb&Lb) D (Sa&Sa) 

11. Sa&Sa 


From 3 by EJ. 

From 4 by quant, equiv. 
From 5 by quant, equiv. 
From 6 by E.I. 

From 7 by equivalence 

Tautology 

Tautology 

From 8, 9, 10; dilemma 


Here we make use of a truth-functional equivalence to obtain line 2 
and start the deduction. 

In light of what has been said in this section, we can now add 
two further principles of quantificational equivalence to the list on 
p. 156. These additional principles belong under heading III of 
the list. It is necessary to mention, however, that in discussing 
these two principles of equivalence we have taken it for granted 
that the sentences with which we are concerned do not contain any 
free variables. These principles would have to be restated in 
narrower form if they were to hold good for sentences containing 
free variables ; but we are not concerned with that sort of sentence. 


ADDITIOXAIi PBINCrPIiBS or QUAnTIFICATIOnAl. EQUIVAiBNCB 

3. Any disjunction, one component of which is a universal quantifica- 
tion, may be rewritten in the equivalent form of a universal 
quantification of a disjunctiou; e.g., "(ir)3farv5” is equivalent to 
“(x) (MxyB)". 

4. Any disjunction, one component of which is an ezisteutial quanti- 
fication, may be rewritten in the equivalent form of an existential 
quantification of a disjunction; c.g., "(3a?)Ma:vZ” is equivalent to 
"(3x) iMxyZY’. 


Exercise 21 

In each, case, construct a deduction showing that a sentence 
symbolized in the given way would be a contradiction. 

1 -[—(x)Axv(y)Ay] 
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2 -[(ae)BeD (3a:)Bj;] 

3 (3a;) {Ax D Ax) D (y)-(-By D By) 

4 ( 3z) - {Az V -Az) = (y) (Ay = Ay) 

5 (3a:) (AxvBa:) & -(3a:) (-Bx D Ax) 

6 -{(x)(3y)(BxD Cxy) v (3x)[Bx & - (3y)Cxy) ]} 

7 (x)[AxD (3y)Cxy] ^ (32)[A2&(y) -Czy] 

8 ( 3x) [Bx & (y) -By 1 v (s) [Bz & - ( 3y ) By] 

NEGATIVE DEMONSTRATIONS 

The method of quantificational deduction that we have been using 
is a method for bringing out contradictions ; we have been using it 
also to establish the validity of quantificational arguments and to 
detect necessarily true quantificational sentences. But can this 
method be used to demonstrate that a quantificational sentence is 
nof a contradiction? In one special kind of case it is possible to do 
so : Specifically, if it can be shown that the negation of a sentence 
is a contradiction, this will sufQce to demonstrate that the given 
sentence is not a contradiction. However, suppose we start with a 
sentence that is not a contradiction and whose negation is not a 
contradiction either. Can we demonstrate that a sentence of this 
kind is not a contradiction t The mere fact that we have tried to 
deduce a truth-functional contradiction from it and have not been 
successful does not prove that there is no contradiction ; perhaps 
we have not worked intelligently enough. Our method of deduc 
tion simply does not offer a general way of demonstrating the 
negative fact that a quantificational sentence is not a contra 
diction. 

Consider the sentence “There is something that is a unicorn 
only if it is herbivorous, and all unicorns are nonherbivorous . 
may be symbolized “(3x)(Bx D Ex) & (x) (Ux D — Bx)”- 
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pose we want to learn whether it is a contradiction If we try 
to use our method of deduction, we find that even after working 
long and hard we do not deduce a truth functional contradiction 
But this lack of success means merely that we have established 
nothing Can we show more definitely that the sentence is not a 
contradiction ? 

If a sentence of the form “(Jx)(UxD Sx) & (x)(UxD 
-Rx)” IS not a contradiction, this means that some sentences of 
this form are true If we find at least one sentence of this form 
that IS definitely true, we shall thereby demonstrate that our origi 
nal sentence is not a contradiction Or, to put it more accurately, 
we shall have demonstrated that our original sentence is not a 
contradiction on account of having this quantificational form, 
we have not dealt with and have not removed the possibility that 
It might be a contradiction for some other reason, although in this 
example there is no other reason that merits consideration * 

Let us try then to discover a sentence of this same form that is 
very clearly true This can best be done if we seek a sentence 
dealing with things concerning which very clear and definite 
assertions can be made Numbers are probably the best subject 
matter for this purpose Let us see whether we can discover a way 
of reinierpreitng the letters and "S” so that “(3a:) (Ux D 
Rx) &. {x)(JIx D —Ha:) “becomes a true sentence about numbers 
Let us reinterpret “U” to mean “odd number” and "R” to mean 
“even number” Under this reinterpretation, *^(3x)(Ux D Hx) 

& (x) (Vx D —Rx)" turns into the sentence ‘ There is at least 
one number such that if it is odd then it is even, and every num 
ber IS such that if it is odd then it is not even” (Here we are 
thinking of numbers as being the only objects under discussion , 

2 Being a contradiction on account of its quantificational form is a sulBcient 
though not a necessary condition for a sentence being a contradiction A 
sentence like Some wealthy persoos ar® apt rich is a contradiction 
even though its quantificational form— presumably, (g^)(7Fs & 

IS not what makes it so 
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■we are limiting our ‘universe of discourse’ to numbers.) This 
sentence is a conjunction, and its first component is definitely 
true, since there is at least one number, for instance 2, such that 
if it is odd then it is even. (Remember that this is the truth- 
functional sense of “if — then”.) The second component of the 
conjunction is definitely true too, since no odd numbers are even. 
Thus the sentence as a ■whole is definitely true. This shows that 
our original sentence is not a contradiction (at least, not on 
account of its quantificational form). 

So far, ■we have discussed a procedure for showing that a 
quantificational sentence is not a contradiction. This same pro- 
cedure can be employed to show that an argument is not valid in 
virtue of its quantificational form. For example, suppose the 
question is whether the argument “Everything attracts something ,• 
therefore something is attracted by everything”, being symbolized 
“(®) (3y).4.a:y, therefore (3y) (a:)Ax 3 /”, is valid. "We can show 
that it is an invalid argument if a reinterpretation of “.4.” can turn 
the premise into a definitely true sentence and turn the conclusion 
into a definitely false one. 

To do this, let us again talk about numbers, and let us think of 
numbers as being the only things to which ■we shall refer for the 
moment. (We limit our ‘universe of discourse’ to numbers.) 
us reinterpret to mean "smaUer than". Then “(a;) (3!/) 
Axy comes to mean “Each number is smaller than some other’ , 
■while becomes “There is a number than which 

every number is smaller”. The former sentence is definitely 
true whereas the latter is definitely false, thus showing the in- 
validity of the original argument, or, more accurately, showing 
that the original argument is not valid on account of its quanti- 
ficational form. 

Finally, we shall note one further sort of negative result that 
can be established by this procedure of reinterpreting quantifica- 
tional sentences. Suppose the question now is whether two quan- 
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tificational sentences are equivalent. Consider, for example, the 
sentences 

If something is not for the hest, then Leibniz’s philosophy is mistaken. 
Something is such that if it is not for the best then Leibniz’s philosophy 
is mistaken. 

Writing “B" for “for the best” and “i” for the sentence "Leibniz’s 
philosophy is mistaken”, we can symbolize these : 

( ^x)~Bx D L 
{^x){~BxOL) 

Perhaps we start fay trying to demonstrate that the two sentences 
are equivalent. To say that two sentences are equivalent is to say 
that they are necessarily alike as regards truth and falsity. This 
means that each must validly follow from the other. We could 
attempt to construct two deductions, one showing that the first 
sentence validly follows from the second, and another showing that 
the second sentence validly follows from the first. In this case, 
however, we would be unable to complete both deductions. En- 
countering diflSculty, we could change our approach and seek to 
show instead that the two sentences are not equivalent. How can 
we do this? 

One way of showing that they are not equivalent is to 
reinterpret the letters "H” and “L” so that we obtain two new 
sentences having the very same forms but definitely differing as 
regards truth and falsity. In doing this, let us again treat of 
numbers. We reinterpret ‘‘B” to mean “even" and reinterpret “Z" 
to mean “2 is smaller than 1”. Then we obtain two new sentences : 

If something is not an even number, then 2 is smaller than 1. 

Something is such that if it is not an even number then 2 is smaller 
than 1. 

The first sentence is definitely false, because it is a conditional with 
true antecedent and false consequent. The second sentence is 
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definitely true, because there is at least one thing, say the number 
4, such that if it is not an even number then 2 is smaller than 1. 
(Here again we recall the truth-functional sense of “if — then”.) 
Thus we have found two sentences definitely different as regards 
truth and falsity but having the very same forms as the original 
two sentences. This shows that our original two sentences are not 
equivalent ; at any rate, they are not equivalent in virtue of their 
quantificational form. 


Exercise 22 

Show that sentences of each of the following forms are not 
contradictions on account of their quantificational form. 

1 (?a;) 

2 C3a:)(ifxD -J’a;) 

3 C 3a:) ( 3y) Hxy & - (x) iJy)Rxy 

Show that arguments of the following forms are not valid on 
account of their quanUficational form. 

1 ( 3^) ( 3!/) JJxy, therefore ('ix){y)Bxy 

2 (a:) [ (Fa: & Gi) 3 Bx ] , therefore Ox) 3 Bx] 

3 (.x)PxD (3!/)G!/, therefore (i) [Fa; D (3y)Gy] 

4 (a:)Fa: D ( 3;/) Gy, therefore Fo D (3y)Gy 

Show that each of the following statements is correct. 

1 Sentences of the forms "ix)l3y)Bxy” and ••(x)-( 3 y)Bxy’’ 
are not equivalent to negations of each other. 

2 Sentences of the form “(.x)i3y)Bxyv(x)(,3ij)-Bxy” are 
not necessarily true. 
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3 The following regulations of the Warren G. Harding Univer- 
sity do not involve a contradiction: 

Students who study the same subject must not room together ; 
every student who is a dormitory resident must have a room- 
mate ; no law student may have a roommate who is studying 
a different subject than he is. 


5 . Fallaciei 


TAliAOIES IN THE LOOIOAL SENSE 

Logicians normally give their attention to logically correct types 
of reasoning and do not devote much effort to cataloguing the 
myriad forms of logical error, for the former prove to be of 
much greater theoretical interest than the latter. When we are 
concerned with the practical aspect of logic, however, some 
discussion of logical errors is worthwhile. The efficient way of 
improving our ahUity to tell the difference between good and bad 
reasomng is to look at examples of the bad as well as tbe 
good, 

^ A fallacy is a logical mistake in reasoning. The term “fallacy” 
IS 0 ten loosely applied to any sort of mistaken belief or untrue 
sentence. “It’s a fallacy to believe that handling a toad causes 
wans”, people say j here the thing being called a fallacy is just a 
belief, not an inference. In logic the term "fallaey” is restricted to 
mistakes in reasoning. When there are premises and a conclusion 
that, through some logical error, is mistakenly thought to be 
proved by them, then and only then is there a fallacy in the logi- 
cal sense. Innumerable kinds of logical mistakes can be made in 
174 
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reasoning. Some Hnds are more tempting and more likely to 
deeeive than others, and many of these have specific names 
The great advantage of a name for something is that it enables 
ns to keep the thing clearly in mind and helps ns to recognize i 
ivhen ive meet it. In this sense, knowing the name gives ns a sort 
of power over the thing. By learning the names of some of the 
commoner kinds of fallacies and by having a general scheme for 
classifying them, we are able to recognize fallacies more read y 

classification shown in the table on the " 
embodies some of the traditional terminology for fallae 
reorganized form. This classification covers fallacies m both 
dednetive and indnctive reasoning, althongh for the presen w 
shaU limit onr examples to faUacies that arise in dednetive 

"“Tnttinking ahont the classification of fallacies, let ns reeaU 

thatthepnrposeofconstrnctingar^m^^^^ 

that are in some way unknown or donbtful 

challenged and called into question. A ^ . 

elnsiononly.his argument — 

ble of all being true, (2) aware of whether 

hearers can know them ^ou ^ ..^elusion foUows. 

the conclusion is true, and O f for a sueeess- 

The neglect of any one of these 

ful proof gives rise to a sep . i^es rise to the fallacies of 

Neglect of the third "I"*” foUow") . These fallacious ar- 
non sequHur (Latin: it oes of the term, for 

guments are fallacies in the mo insufficient link between 

their logical defect is that they have an msnffici 

premises and conclusion. ^ reasoning that 

Neglect of the second premises are related to 

is fallacious in a ^^ay that the speaker and his 

the conclusion m such 
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TAILAOIES IN THE LOOIOAL SENSE 

Logicians normally give their attention to logically correct types 
oi reasoning and do not devote much effort to cataloguing the 
myriad forms of logical error, for the former prove to he of 
much greater theoretical interest than the latter. When we are 
concerned with the practical aspect of logic, however, some 
discussion of logical errors is worthwhile. The efdcient way of 
improving our ability to tell the difference between good and had 
reasoning is to look at examples of the had as well as the 
good. 

A fallacy is a logical mistake in reasoning. The term “fallacy 
IS often loosely applied to any sort of mistaken belief or untrue 
sentence. “It’s a fallacy to believe that handling a toad causes 
warts”, people say; here the thing being called a fallacy is just a 
belief, not an inference. In logic the term “fallacy” is restricted to 
mistakes in reasoning. When there are premises and a conclusion 
that, through some logical error, is mistakenly thought to be 
proved by them, then and only then is there a fallacy in the logi- 
cal sense. Innumerable kinds of logical mistakes can be made in 
174 
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reasoning. Some kinds are more tempting and more likely to 
deceive than others, and many o£ these have specie names 

The great advantage of a name for something is t ati ena es 

ns to keep the thing clearly in mind and helps ns to recogmae i 

when we meet it. In this sense, knowing the name pves us a sort 

o£ power over the thing. By learning the names of some of the 

commoner kinds of fallacies and by having a general scheme or 

classifying them, we are able to recognize 

and to think more clearly about them. We shall use the scheme 

classification shown in the table on the 

embodies some of the traditional terminology or 

• A f^-nrr, T}ii <5 classificatioDi covers fallacies in 
reorganized fomn. This classm 

deductive and inductive reasoning, S flpductive 

shaU Umit our examples to faUacies that arise m deductive 

"“Snking about the classification 
that the purpose of constructing arguments IS o pr 
that are in some way unknown or a-h M 
challenged and called into question. 
elusion only if his argument contaiim P«mmes^^ 
hie of all being true, (2) that are whether 

hearers can know them ^ eonclusion follows, 

the conclusion is true, and (3) fro ^ success- 

The neglect of any one of these three «fiuiremenm 
ful proof gives rise to a separate category o fallacies of 

Neglect of the third requirement gives ri f^Uacious ar- 

non sequiiur (Latin: “it does not fo ow term, for 

guments are fallacies in the most obvious . ijetween 

their logical defect is that they have an insufficient 
premises and conclusion. . reasoning that 

Neglect of the second ^l^^premises are related to 

is fallacious in a more subtle sense. sneaher and his 

the conclusion in such an intimate way that 
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hearers could not have less reason to doubt the premises than they 
have to doubt the conclusion, then the argument is worthless as a 
proof, even though the link between premises and conclusion may 
have the most cast-iron rigor. Fallacies of this second category are 

Glassification of fallacies 

GEMERAI. TYPE SOME SPECIFIC FOBMS 

Inconsistency 

Petitio Prineipii Fallacy of complex question 


Formal Undistributed middle 

Pure fallacies Illicit process 

Fallacies in Affirming the consequent 

deduction Denying the antecedent 


Forgetful induction 
inductive Hasty induction 

fallacies Slothful induction 

Fallacy of four terms 
Equivocation Composition, division 


Ambiguity Amphiboly 


Fallacies 

of 

Irrelevance 

{ignoratio 

elenchi) 


ad hominem abusive 

circumstantial 

tn qnoque 

ad baculnm 
ad verecundiam 
ad misericordiam 
black-and-white thinking 
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Finally, neglect of the first requirement gives rise to the - 
maining category of fallacies. If — uses as premise s™- 
tences that necessarily could not all be true at then hm rea 
soning certainly cannot establish his eonclusion, even though t 

— —.I- 

tion it would be "^^Sarded ^ com presently.) But every 

(We shall meet b.i^/elassified in at least one 

fallacious argument should a argument may 

place in our scheme. Also we shou d aj any 

fall under some general heading ! the dots at 

specifically named form 0 ^here there are further specific 

“n" 

types of fallacies, manj 

INOONSISTENOT . 

• V • “Franklin is •io 

Suppose someone reasons in *‘;^^"*!^7s'tLrght road that starts at 
miles due north of Jefferson. Snerryville. Jefferson is 

Franklin and goes through Adams .jj^ northeast of 

20 miles due west of Adams on. Franklin than to 

Jefferson. Therefore, Jefferson m nearer 

Sperrj-ville”. , argument, even though 

There is something ■"■”"5 trouhlc here is not Hint 

the speaker may not have notic between premises and 

there is any insuffieiencj a on premises themsebes. 

conclusion; instead, the trouble IS with tl 
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They cannot all be true. To nse premises that are not all tree 
always is a mistake, but it is not always a logical mistake. In this 
case, howeyer, the premises do not merely happen to be not aU 
true ; they necessarily are not all tme. It would be contradicting 
oneself to accept all four of these premises. Therefore, in this case 
a logical error, a faUacy of inconsistency, is being committed. In 
general, anyone commits a fallacy of inconsistency if he reasons 
from premises that necessarily could not all be true. 

Should we say that an argument of this sort is invalid? No- 
For to call an argument invalid is to say that it is possible for iis 
premises to be true while its conclusion is false, and that possi 
bility does not arise here. An argument whose premises cannot all 
he true is an argument incapable of having premises all true but 
conclusion false. Thus this sort of argument is perfectly valid; 
yet it is logically defective all the same, as we have seen. 

THE PETITIO PRINOIPII 

An argument is called a petUio principii (or i begging of th® 
question) if the argument fails to prove anything because it 
somehow takes for granted what it is supposed to prove. Suppose 
someone says “Jones is insane, you know”, and we reply, “Really? 
Are you sure?”, and he responds, "Certainly, I can prove it- 
Jones is demented; therefore he is insane". This is a valid 
argument in the sense that, if the premise is true, the conclusion 
must be true too ; but the argument is unsatisfactory, for it does 
not really prove anything- The premise is merely another state 
ment of the conclusion, so that anyone who doubted the truth o 
the conclusion surely ought to be equally doubtful about the truth 
of the premise, and the argument would he valueless for the 
purpose of convincing him of the truth of the conclusion. Thus 
the argument takes for granted just what it is supposed to prove , 
it begs the question. 
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Consider a longer chain of reasoning: 

“We must not drink liquor.” 

“Why do you say that?” 

“Drinking is against the will of Allah. 

“How do you know?” 

“The Koran says so.” _ _ 

“But how do you know that the Koran is rig 
“Everything said in the Koran is right.” 

“How do you know that?” 

“Why, it’s aU divinely inspired.” 

“But how do you know?” Insnired ’’ 

“Why, the Koran itself declares that it is divinely inspired. 

H-- '»■- '■ ’*• 

question; the speaker is reasoning i ^roving, 

granted one of the things that he pro esses q^^estion, 

One specific form of petitio prHctpn, or begg g t ? 
has a special name of its own : the faUacy of Ranted 

is the fallacy of framing a question so 

something controversial that ought to Black has a bad 

Suppose Mr. White is trying to prove a 
character, and White asks Black the "Yes” to this 

stopped beating your wife yet?’ . K ^ ^j^itting to having been a 
question, White will argue that ^ argue that 

wife-beater, while if he answers No , t questioner has 

^lack is admitting to still being a granted that Black 

framed his question in such a way as to ' tijat this is 

tas a wife whom he has been beating- doubtful ns is the 

^ controversial proposition that is a ‘ supposedly being 

=oncl„si„, (that Black has a to take for granted 

'rtablished. It is not proper in this debate just 
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this controversial proposition; it needs to be proved, if White is to 
make use of it at all. 

However, it would also be legitimate to regard the fallacy of 
complex question as a kind of fallacy of ambiguity. In tbe 
example we could say that the answer “No” is ambiguous, for it 
could mean either “No, I’m still beating my wife” or it could mean 
“No, I haven’t stopped because I never started”. 

An argument committing the fallacy of begging the question 
usually does so on account of its premises. Thus far in our 
discussion we have spoken as though that were the only way m 
which this fallacy could be committed. However, it also is possible 
for an argument to beg the question in a subtler way, on account 
of its logical form. Such arguments rarely occur in ordinary 
discourse, but they are of philosophical interest. 

Suppose someone argues: “All syllogisms conforming to the 
five rules of the syllogism are valid ; some syllogisms conforming to 
the five rules are in the mood AH, third figure ; therefore, some 
syllogisms in the mood AH, third figure, are valid”. Here there is 
nothing especially objectionable about the premises. But the 
peculiarity is that the argument itself is in the mood AH, third 
figure. Consequently anyone who had any doubt about the truth 
of the conclusion ought to be at least equally doubtful about the 
validity of this argument. Hence the argument is ineffectual for 
proving its conclusion and deserves to be classified as a 
principii. 

THE NON SEQUITUR; PUEE PALLACIES 

We call an argument a non sequittir if its conclusion does nof 
follow from its premises. The fallacies of non sequitur form the 
largest category, which we shall subdivide into three types. First 
we shall consider what, for want of a better name, may he called 
pure fallacies These are non sequitur fallacies in which the 
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error is purely some misunderstanaing of logical 
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in treating this ype o necessary ’with 
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In deduction, pure f 

non sequiiurs fallacious eeause logical error because he 

The victim of such a fallacy “ totweeu the 
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deductively the argument correctly Of 

SfruTnJIymbols) but fails ^ S^Sakels not 

form. mensomeonecommiisaformalM^^^^^^ 
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modus ponens as regards va i ^^,^5006 argues: ‘ If 

A more complicated examp have police to 

men are not really evil, then 1 ^^bce will be 

prevent crime. And if men a either men are not evil or 

ineffectual in preventing crim . unnecessary or ineffec- 

they are evil. Therefore, pohcej^^ ^ allemma; but even 

tual”. The argument IS in t .^niething amiss about the 

though the dilemma is valid, i, absurd 

thinking here. The trouble is ttat the ^ 

oversimplification; „e evil. But what would lead 

free of evil or else that ai 
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anyone to accept a premise like this? By what sort of reasoning 
would one arrive at the premise itself? The line of thought 
leading to the second premise can best be regarded as committing 
a formal fallacy. The fallacy lies in thinking that from the 
necessary truth “Every man is such that either he is evil or he is 
not evil” we may validly infer “Either every man is evil or every 
man is not evil”. It is the formal fallacy of supposing that, from a 
universal sentence whose parts are disjunctions, we may infer a 
corresponding disjunction both of whose parts are universal. 
This is a mistake arising from misunderstanding a principle about 
logical form. 

THE NON SEQUITHE: FALLACIES OF AMBIOUITT 

A quite different sort of non sequitur occurs when we make the 
mistake of incorrectly interpreting the logical form of an argu* 
ment. The language in which the argument is expressed leads us 
to misunderstand the logical structure of the argument, and we 
incorrectly translate the argument into a valid form, when ac- 
tually its form is invalid. We shall distinguish between two 
different ways in which the language of an argument may tempt us 
to make this mistake. 

Perhaps some one word or phrase iu the argument is used iu 
two different senses. In this case, if we do not notice these dif- 
ferent senses, we may carelessly assume that they are the same; 
thus we misinterpret the logical form of the argument. It is called 
a fallacy of equivocation if some definite word or phrase is am- 
biguous. 

Some fallacies of equivocation have special names of their 
own. In an argument that is intended to he a syllogism but that 
really contains four terms instead of three, we have the fallacy of 
four terms. For example, the argument “No designing persons are 
to be trusted; architects are people who make designs; therefore. 
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architects are not to be trusted” is a crude speeinien of this fahaey. 
Here the terms “designing person" and "person who makes 
designs” are used hy the speaker as if they meant the same, but of 
course they do not have the same sense at all ; the first term refers 
to people who hatch evil schemes, while the second term refers to 
people who draw blueprints. The argument is intended to be a 
syllogism but is not really one for it has no middle term. In this 
example the equivocation is very obvious and the fallacy easy to 
detect, but sometimes fallacies of this sort are more hidden and 
insidious. 

Next we shall consider the faUacies of composition and 


division, two special forms of equivocation that involve an im- 
proper sort of reasoning from part to whole or from whole to part. 
This may occur in syllogisms or in other kinds of argument. 


Suppose someone reasons: “No man can sing as loud as an 
organ plays; the Glee Club are men; therefore, the Glee Club 
cannot sing as loud as an organ plays”. This is intended to be 
a syllogism of the form EAE in the first figure. If it really were 
EAE in the first figure, it would have to be valid. Since it 
certainly is not valid, something is wrong. The second premise 
talks about the Glee Club distriiutively ; that is, it says something 
about individual members of the Glee Club considered singly (that 
each individual member is a man). The conclusion, however, talks 
about the members of the Glee Club oolUotivdy; that is, it says 
something about the members of tie Glee Club considered as a 
whole unit, not about each of them considered singly. 

This argument cannot correctly be translated into a syllogism, 
for we cannot word it so as to consist of categorical sentences 

containingiustthreeterms. If we put the premises into categorical 

form, they become “No men are singers louder than orgaim and 
"All groups identieal to the Glee Club are ^roupe — ng 

men”, with more than equivocation 

cannot put the premises into categorical 
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between “the Glee Club” understood distributively and “the Glee 
Club” understood collectively causes the speaker to reason falla- 
ciously from a fact about individual members of the group to a 
conclusion about the group as a unit. This is called the fallacy of 
composition. 

Anotlier legitimate interpretation would be to regard the 
fallacy of composition as a formal fallacy. It would be a formal 
fallacy if the speaker is clear about how to symbolize the argument 
correctly but thinks it a valid logical principle that whatever holds 
true of each member of a group must hold true also of the group 
considered as a whole. If this is the case, the mistake is caused by a 
pure misunderstanding of logical principles. 

A kindred example is this : “Accidents are frequent ; getting 
struck by lightning is an accident; therefore getting struck by 
lightning is frequent”. Here again we have an argument probably 
intended to be a valid syllogism, but it is invalid, and the mistake is 
due to equivocation. The trouble is that the first premise talks 
about accidents collectively; it says that the whole class of acci- 
dents is a class such that at almost any moment some of its 
members are occurring. The second premise, however, talks about 
accidents distributively, for it says that each individual case of 
getting struck by lightning is an individual case of an accident. 
Here equivocation arises because the word “accidents” is used 
in these two senses, collective and distributive. This causes the 
speaker to reason fallaciously from a fact about the whole to a 
conclusion about a part. This is called the fallacy of division.^ 
Notice, however, that it is not always fallacious to reason from 


»The fallacy of division also could legitimately be interpreted as a formal 
fallacy. It ■would be a formal fallacy if the speaker is clear about what the 
premises say but thinks it a valid logical principle that -whatever holds true 
of a group considered as a whole must hold true also of each part of that 
group. Then the mistake would be caused by a pure misunderstanding o* 
logical principles. 



Pallacles 


185 


part to whole or from whole to part; normal valid syllogisms in a 
sense do this and do it legitimately. The fallacies of composition 
and division are improper because, when they do this, they confuse 
the eolleetive with the distributive sense of terms. 

Another fallacy of equivocation may be called illicit oiversion. 
It arises when terms that are not really negations of one another 


are used as though they were. If someone reasons ‘All child- 
murderers are inhuman; therefore no ehild-murderers are human , 
he is guilty of this fallacy. The example purports to be obversion ; 
but it is not correct obversion, for the predicate has not really been 
negated. The term “human” is not the negation (or contradictory) 
of the term “inhuman”, for “inhuman” means cruel rather than 
nonhuman. If we correctly obverted the sentence “All ohild- 
murderers are inhuman” we would get “No child-murderers are 


nouinhuman”. It would be the same type of fallacy if one were 
to argue “No rocks are alive; therefore all rocks are dead”. Here 
again the obversion is incorrect, for “alive and dead are not 
contradictory terms; instead they are merely contraries. 

In general, two terms are contradictories (or negations) of 
each other if and only if one or the other but not both of the terms 
must apply to each thing; while two terms are contrarses of each 
other if and only if at most one of them applies to each thing and 

neither applies to some things. The terms “alive ' and dead are 

contraries rather than contradictories because there are some 
things, such as rocks, that are neither alive nor de^d. (To cal a 
thing dead is to imply that it once was alive. The 
contradictory of “alive” is “lifeless”, and so the sentence No ^ 
are alive” has as its correct obverse “All rocks are lif les • 
Another logically interesting kind of equivocation arise from 

confusion about the histoiy is 

TnlZd Jr BiblT. a phrase of eight letters; 
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therefore, mueh ancient history is contained in a phrase of eight 
letters”, he would he making a crude mistake of this kind. The 
trouble is that the first premise talks about (mentions) the Bible, a 
lengthy book, whereas the second premise talks about (mentions) 
the words “The Bible”, a short phrase. The argument is confusing 
because it is written in such a way as to use the very same 
two-word expression to mention the book and to mention the name 
of the book. We can avoid this sort of confusion if we form the 
habit of using quotation marks when we want to mention words. 
Let us always write 

“The Bible” is a phrase of eight letters, 
instead of 

The Bible is a phrase of eight letters. 

If we follow this practice, we shall be less likely to confuse the 
name of a thing with the thing itself. 

There are far too many kinds of equivocation to discuss them 
all, but we shall consider one more kind, which arises from 
confusion among the various senses of the verb “to be”. The sense 
of “is” and “are” with which we have mainly been concerned is the 
sense in which these verbs are used for •predication, that is, when 
the verb is followed by a general term, as in “Sugar is a food” or 
“Crows are black birds”. There is a second important sense of ‘ to 
be”, however, in which it means identity. In this sense the verb is 
followed by a singular term, as in “Boise is Idaho’s capital” or “12 
is the sum of 5 and 7”. Here “is” means absolute identity ; Boise is 
the very same thing as Idaho’s capital, and 12 is the very same 
number as the sum of 5 and 7. 

The forms of inference that are valid with the “is” of identity 
differ, of course, from those which hold for the “is” of predication. 
Three usually valid forms of inference employing the “is 
identity are the following; 



JaUacies 


187 


rORilS OP IDENTITY BEASONING 


a = y 
Fx 


,\Fy 
x = y 


. .y = 

x = y 
y-z 


..g,, Scott is tho anthor of Wmerly. 

Scott -wrote IvanTtoe. 

lEiiSTretheanthorol WaveHy moUUaAoe. 

e.e.. Boise is Idaho’s capital. 

Therefore idSho's capital is Boise. 

e K. Boise is Idaho’s capital. 

T.i,hn’s capital i s Idaho’s largest c^ 

Thi?ifS?Bi5sindShS^n^«sr^ 

The first of these three forms ^identical to it. 

is true of a thing must also e ro of identity: 

The second involves the prmcip . ^ ^ten its items 

the principle that an identity sen ence _ transitivity 

are transposed. ^on the identity relation holds 

of identity: the principle between a second and a 

between a first thing and a secon 
third, then it must hold also between the 

X ttiP first of these three 

For the sake of accuracy, ye T^ithout qualification. For 

forms of g These exceptions- 

ordinary cases it is valid, 

fall into three groups. second premise is men- 

1. It is not valid it would he invahd to argue: 

tioned rather than used- 

Boise Is Idaho’s capital. 

“Boise” is a ^ fiye-le«er word. 

Therefore “Idaho s capita premise 

It is not valid where the name oeeursm^^^^^ 

within a sentence saying t a invalid to argu 

possible, not possible, or the hke- 

Therefore, necessarUy, the nun. 
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Also belonging to this group of exceptions are kindred cases where the 
second premise declares that something is provable or unprovable in a cer- 
tain way, knowable or unknowable by certain means, and the like. 

3. It is not valid where the name occurs in the second premise 
within the scope of a verb that expresses some psychological attitude 
such as beheving, desiring, fearing, or the like. It is invalid to argue : 

Matilda is Hugo’s future wife. 

Hugo fears that Matilda will reject his proposal of marriage. 

Therefore Hugo fears that his future wife will reject his proposal of 
marriage. 

But aside from these three exceptions, this form of identity reasoning is 
reliable. 

These forms of identity reasoning are clear enough and simple 
enough so that fallacies are not likely to arise in connection with 
them except when there is misunderstanding regarding the sense 
of the verb “to be”. But suppose someone were to reason as fol- 
lows: "Time is money j time is measured in seconds } and so money 
is measured in seconds”. This argument is intended to be a 
case of the first of the three forms of identity reasoning, and so 
it has a confusing air of correctness about it. But the fallacy 
arises because the first occurrence of “is” in this argument is not 
the true “is” of identity. When we say “Time is money”, we do 
not mean that time is just the same thing as money ; we mean only 
that time is as good as money or that time can be exchanged for 
money. Here the word “is” is used in a metaphorical sense which 
is strictly neither the “is” of predication nor the “is” of identity. 

Again, suppose that someone argues : “God is love ; love is an 
emotion ; therefore God is an emotion”. Again the argument apes 
our first form of identity reasoning. Here too the fallacy is one of 
equivocation, for the premise “God is love” is not meant as an 
identity sentence. People who say “God is love” mean that God 
personifies love or exhibits love; again the “is” is used in some 
metaphorical sense. The moral of this is that we must be alert 
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against fallacies arising from confusion among the different senses 
of “to be”. 

So far in this section, we have been considering equivocation, 
the type of ambiguity arising when a single word or phrase is used 
in more than one sense. We shall conclude our discussion of 
ambiguity by noting that sometimes the logical form of an argu- 
ment is misinterpreted not because any single word is ambigu- 
ous but because the grammar of a whole sentence is ambiguous and 
allows of more than one interpretation. This type of ambiguity 
traditionally has been called amphiboly. An example occurs in 
Shakespeare’s Bennj VI when the spirit prophesies “The Duke yet 
lives that Henry shall depose”. Henry infers from this prophecy 
that he is going to depose a Bake. However, a better eonolusion to 
have inferred would have been that a Duke was going to depose 
Henry. (It is easier for a prophet to stay in business if he makes 

his predictions amphibolous.) 

Throughout this section we have been considering logiea 
mistakes that can arise owing to ambiguity. It would be incorrect, 
however, to conclude that ambiguity is always bad. Ambiguous 
language sometimes has a vivid flavor which can be admirable, i 
we are not misled by it. Ambiguity, like vagueness, is obj<m- 
tionable only insofar as it confuses people and causes them o 
commit fallacies in their reasoning. 


THE NON SEQUITUB: FALLACIES OF IKEELEVANCB 

The third kind of non segnitur arises when 

argument tempts ns simply to overlook the fact that th-e really is 

no connection between the premises 

argument excites us somehow, and we are „ 

the premises support the eouelasion when actual^ they ha 
uothLg to do with the point supposedly being proicd. Fallae. 
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of this sort are called fallacies of irrelevance, or fallacies of 
ignoratio elencU (Latin and Greek: ignorance of the oonneetion). 

One important type of fallacy of this kind is the ad homxnem 
fallacy. An argument is ad hominem (Latin : “to the man ) if 
it is directed at an opponent in a controversy, rather than being 
directly relevant to proving the conclusion under discussion. For 
example, suppose someone argues: “Of course Karl Marx must 
have been mistaken in maintaining that capitalism is an evil form 
of economic and social organization, bound to harm the working 
class. Why, he was a miserable failure of a man who couldn’t even 
earn enough money to support his family”. This is an ad horninetn 
argument, for it attacks Marx the man, instead of offering direct 
reasons why his views are incorrect. This is the abusive form of 
the ad homxnem argument. 

Another form of the ad hominem argument occurs if a speaker 
produces reasons why his opponent might he expected to believe 
the conclusion, rather than reasons why the conclusion is true. 
Suppose members of Congress are debating whether the United 
States should spend money to promote birth control by artificial 
means in populous underdeveloped countries. Senator Brown 
happens to be a Catholic but supports the proposal, while Senator 
Green, who is not a Catholic, opposes it because he is against 
spending money for any purpose. Suppose Senator Green argues 
with Senator Brown, saying “This birth-control proposal is con- 
trary to your religious principles, so that ought to prove to you 
that it’s a bad proposal”. Here Green is appealing to religious 
principles in which he himself does not believe ; he has not offered 
any direct reason why the proposal is bad but instead has given a 
reason why Brown might have been expected to regard the pro- 
posal as bad. This is called the circumstantial form of ad hominem 
argument. 

A third form of the ad hominem argument occurs when a 
speaker, trying to show that he is not at fault, argues that his 
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correct. We have here an argument cro- 
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between a man’s earning P 
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The circumstantial form conclusion. 

be of some value, though neve^ legislation am 

Pointing out to Senator may be worthwhile for > 

inconsistent with his religious P b, right To 

his views contradict one a,istaken. but it shows 

that Senator Brown needs 
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Even the Ut, qiioqxie form of ad hominem reasoning is not always 
worthless; it can be o£ real intellectual value in helping us form a 
consistent view o£ the comparative depravity o£ dilTerent indi- 
viduals. 

Another quite different fallacy of irrelevance is the appeal to 
unsuitable authority (the argument ad verccimdiam). If ap- 
peal to some admired or famous person as if he were an authority 
on a certain question when really he is not, we are making this 
fallacious appeal to authority. It is not always illogical to appeal 
to authorities; but we should not trust an authority outside his 
special proven field of competence. We are not entitled to appeal 
to persons as authorities unless there are good reasons for believing 
them to be authorities. A beautiful movie star may be an authority 
on how to look attractive to the opposite ses, but she is not neces- 
sarily an authority on which cigarette tastes best or is most health- 
ful. A famous and beloved general may once have been an expert 
on military strategy, but this does not necessarily make him now 
an authority on education, economics, or morality. 

The appeal to force is another fallacy of irrelevance (also 
called the ad haculum argument, which is Latin for “appeal to the 
stick"). By threatening a person we may succeed in winning him 
over to our point of view; but we must not think that a threat 
constitutes a logically valid argument. Usually a threat is not 
presented as an argument at all. "We have the ad iaculurn fallacy 
only when the threat is treated as if it were a proof. A robber who 
says “Give me your money or I’ll blow your brains out" is not 
committing the fallacy of appeal to force. He is not committing 
any fallacy at all, for he is not reasoning ; he is just giving an order 
and stating an intention. However, a dictator who says 
opinions are right, because 111 imprison anyone who disagrees with 
me" perhaps would be committing the fallacy ; he might be treating 
a threat as though it were a logical reason in favor of a conclusion- 
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Exercise 23 

Identify and explain any fallacies that occur. 

1 Nothing is better than filet mignon. But tripe is better than 
nothing. Therefore tripe is better than filet mignon. 

2 Nietzsche said that Christian morality was shallow and wrong. 
But that must be untrue, for Nietzsche was a maladjusted man 
■wto eventually went insane. 

3 Recently we interviewed 147 local voters to find out their 
opinions of how the President is handling his job: 113 ap- 
proved his handling of domestic affairs, 89 approved his han- 
dling of foreign affairs, and 51 approved of both. We con- 
clude that the President has considerable support among these 
voters. 

4 Members of the jury, you must convict the defendant, For 
when I asked him “Did you voluntarily kill the deceased! 
he answered “No”. Thus he himself confesses that he is guilty 
of involuntary manslaughter. 

5 No baboons are interesting persons. Therefore, all baboons 
are uninteresting persons. 

6 Sociology 77 is a great course ; you can get “A” without doing 
any work at all. I ’m sure, because Hugo Lebeau told me, and 
he really knew all about courses. Pity the Dean suspended 
him after only one semester; grade-point deficiency, I think 
they said. 

7 Of course she doesn't di^ike me. She told me that she doesn t. 
And I know she wouldn 't lie to me about it, for she always tells 
the truth to people she likes. 

8 Virginia gentlemen all have good manners But these fel- 
lows are from Ohio, and so they’re bound to have had manners. 

9 It's always socialistic for government to take over any 
from free, private enterprise; to do so stifles people's initia 
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tive and forces everyone down to a stagnant dead level. Now, 
I m not talking about things like education — ^we couldn’t 
leave that to private enterprise, because many poorer children 
could not get adequate schooling if there were no state-sup- 
ported schools. But I do say that socialism of any form is 
always harmful, and that’s why government must leave medi- 
cine entirely in private hands. 

10 All the works of Shakespeare cannot be read in a day. There- 
fore, the play Samlei, which is one of the works of Shake- 
speare, cannot be read in a day. 

11 Come now, Mr. Barber, I ’m sure you ’ll agree that $3 is the fair 
price to charge for haircuts. One barber on the other side of 
town did try charging less than onr Protective Association 
recommends, but you recall bow his shop mysteriously burned 
down. 

12 A whale is a sea creature. Hence, a small whale is a small sea 
creature. 

13 You think I ought to study more, instead of averaging sixty 
hours a week at parties ? That’s absurd, because you know as 
well as I do that one can 't get an all-round education by spend- 
ing one’s every waking hour grinding away at those dreaiy 
textbooks. 

14 Buggy-whip makers arc unemployed workers. Unemployed 
workers are everywhere this year. So buggy-whip makers are 
everywhere this year. 

16 The American Indians accuse the United States government 
of being unjust to them. We can dismiss this accusation by 
pointing out that the Indians were extremely cruel to some of 
the early settlers. 

1(? Crime, communism, and juvenile delinquency are on the rise 
throughout our nation. Therefore, we ought to abolish the 
Pederal income tax. 
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17 Three out of four doctors recommend the ingredients in Mana- _ 

oin. Therefore, Manacin is a medicine that most doctors ap- 

prove. 

18 Aluminum is strong. Alcoa is aluminum. Therefore, Alcoa 

is strong. 

19 TKe German philosopher Kant held that all the supposedly 
logical proofs of the existence of God were fallacious. There- 
fore, Kant must have been an atheist. 

20 To call you an animal is to speak the truth. To call you a jack 
ass is to call you an animal. Therefore, to call you a jackass 
is to speak the truth. 

21 Members of the jury, the defendant stands accused of bigamy. 
Bigamy is a cruel and vicious crime, which strikes at the very 
foundation of our whole cherished institution of the family. 
How essential the family is to our American way of life 1 But 
the institution of the family will be destroyed if bigamy go6® 
unpunished. Therefore, you must convict the defendant. 

22 This dog is yours, and this dog is a mother ; therefore, this 
dog is your mother. 

23 Safflower is a weed. "Weeds are abundant. Therefore saf- 
flower is abundant. 

24 Since we know that all self-contradictory sentences are un 
true, it follows that all self-consistent sentences must be true. 

26 The Bolls Boyce is the world’s finest automobile. Therefore 
you necessarily get the most for your money when you buy a 
Bolls. 


Identify and explain any fallacies that occur. 

1 “It is proved," Pangloss used to say, “that things cannot be 
other than they are, for since everything was made for a pi^^^ 
pose, it follows that everything m made for the best purpose. 

VOLTAIRE, Candide 
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2 If a friend of yours requests you on Ms deathbed to hand over 

Ms estate to his daughter, -without leaving his intention any, 
where in -writing ... or spealdng of it to anybody, what will 
you do? You no doubt will hand over the money; perhaps 
Epicurus himself would have done the same. ... Do you not 
see that , , . even you Epicureans, who profess to make your 
own interest and pleasure your sole standard, nevertheless 
perform actions that prove you to be really aiming not at 
pleasure but at duty . . . ? cicero, De Finibiis 

3 Everything that is in motion must be moved by something else. 

If therefore the thing which causes it to move be in motion, this 
too must be moved by something else, and so on. But we cannot 
proceed to infinity in this way, because in that case there would 
be no first mover, and in consequence neither would there be 
any other mover; for secondary movers do not cause move- 
ment except they be moved by a first mover, as, for example, a 
stick cannot cause movement unless it is moved by the hand. 
Therefore it is necessary to stop at some first mover which is 
moved by nothing else. And this is what we all understand 
God to be. st. thomas aquinas, Summa Theologica 

4 From the moment when private property in movable objects 

developed, in all societies in -which this private property existed 
there must be this moral law in common ; Thou shait not steal. 
Does this law thereby become an eternal moral law? By no 
means. In a society in which the motive for stealing has been 
done away with, in which therefore at the very most only luna- 
tics would ever steal, how the teacher of morals -would be 
laughed at vho tried solemnly to proclaim the eternal truth: 
Thou shalt not steal! nffOEUs, Anti-Durhing 

6 We are what we all abhor, Anthropophagi and Cannibals, de- 
vourers not onely of men but of our selves; and that not in an 
allegory, but a positive truth ; for all this mass of flesh which we 
behold, came in at our mouths; this frame we look upon, hath 
been upon our trenchers; in brief, we have devour'd our selves. 

SIR THOMAS BBOW'XE, FcUqxO McdtCt 
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AVOmlNQ AMBIQOTTT: DEFINITIONS 

men ive encounter wds that cause confusion became thc^ 
meanings are an^higuous. it is often helpful to define then.^ A 
traditional way of characterizing the definition of a wo 
say that the definition is a verbal formulation of its meaning. 
However, the word "meaning” itself is ambiguous. Thus a ge 
eral term may be said to mean each individual thing to w le 
applies (for example, the general term “man” means Socrates, 

Caesar, and each other man). This is called ei/ensionol me™ S, 

and the totality of things to which the general term app es i 
called the extension of the term. But also a general term may De 
said to mean those characteristics which anything must posse^ 
in order that the term correctly apply to it (for example, e 
term “bachelor” means being a man and being unmarried). 
This is called tnfensional meaning, and the totality of character- 
istics which anything would have to possess in order that the 
term apply to it is called the intension of the term. A definition 
of a general term tries to specify the intension; the definition 
does not tell ns what the extension is. 

From another point of view, however, we can characterize 
definitions without employing the term “meaning”. "VTe may 
that a definition of a word is a recipe for paraphrasing the wor , 
that is, for transforming sentences containing the word into 
equivalent sentences that contain other expressions instead. Beci 
pes of this kind are of especial practical value when ^ 

how to paraphrase ambiguous, confusing, or unfamiliar w > 
replacing them with clearer or more familiar words. 

The most fundamental way of explaining a word is to gi 
examples. Sometimes we do this by pointing to visible example ^ 
■When a child asks “"What’s a dogt”, we respond by pointing 
Fido, Hover, and Bruno. Some philosophers have called this pr 
cedure "ostensive definition", hut it is better to call it mere y 
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ostensive teaching of words. This ostensive procedure differs from 
definition in that it gives no recipe for paraphrasing the word. 
Although explaining a word by giving examples often can be 
indispensably valuable, it is not the same as giving a definition. 
Sometimes a definition is much more helpful than a list of examples. 

In ordinary discourse we often express deStiitioas in ways 
that do not clearly show that they are definitions. Wishing to de- 
fine the word “dormouse”, a speaker may say “A dormouse is a 
small hibernating European rodent resembling a squirrel”. The 
hearer is then expected to realize that the speaker is intending to 
define the word “dormouse” rather than intending to make an ordi- 
nary statement about dormice (as he would be doing if he said 
“Dormice are rather prolific animals”). A careful speaker can 
make his intention clearer by stating his definition in such a way as 
to leave no doubt that it is a definition. If he says “The word 'dor- 
mouse' means 'small hibernating European rodent resembling a 
squirrel' ”, then he has made it perfectly clear that he is defining 
the word. Moreover, here he has given what is called an explicit 
definition, that is, a definition in which the definiendum (the ex- 
pression being defined) is declared to be replaceable by another 
explicitly given expression, the definiens (that which does the de- 
fining). 

Not all definitions are explicit ones. In a dictionary many words 
have to be defined not by giving one exact eqoivalent but by giving several 
partial synonyms. Thus “honesty” may be defined ns "refraining from 
Ijdng, cheating, or stealing j being truthful, trustworthy, upright, slncGTe, 
fair, straightforward or chaste”. Here the meaning of tie definimdnm is 
adequately if not rigorously explained, but this is not an explicit defini- 
tion, for we are not given some one other word or phrase that always 
means just the same as the definiendum. 

In logic and mathematics, rigorous definitions that are not explicit 
definitions sometimes are used. For example, if wc wish to define 
the biconditional symbol we can say w defined as ' (gD p) & 

iz> D ff)”. This is called a definition in context; it supplies a rule en- 
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ablmg us to rewntc any expression containing the biconditional sign so 
that It will contain the horseshoe and ampersand instead If we already 
understand the horseshoe and ampersand, this definition shows us exact y 
what the biconditional sign means But this is not an explicit definition, 
for the whole expression contammg the biconditional sign must be rear 
ranged completely, we do not just remove one sign and put some other 
Sign m its place 

Definitions that are useful in preventing ambiguity may be 
subdivided into two types Some of them serve the purpose of 
describing the meaning that a word already has in language We 
might call definitions of this type analyhcal definitions In giving 
this kind of definition of a word, the speaker does not aim to 
change its meaning , he aims only to characterize the meaning it 
already has Dictionary definitions are of this type When a 
definition has this purpose, we can properly ask whether the 
definition is correct or incorrect 

In order to be correct in its description of the meaning of a 
word, an analytical definition must not be too broad, that is, it 
must not embrace things that do not really belong (To define 
“pneumonia” as “disease of the lungs” would be too broad, for 
there are many lung diseases besides pneumonia ) Also, m order to 
be correct in its description of the meaning of a word, an analytical 
definition must not be too narrow, that is, it must not exclude 
things that really belong (To define “psychosis” as “sehizo 
phrenia” would be too narrow, for there are other Kinds of 
psj choses ) Sometimes an incorrect definition errs by being too 
broad m one respect and also too narrow in some other respect (for 
instance, defining “liberalism” as “the Mew that the power of the 
goiernment should be increased”) 

Furthermore, nnalj tical definitions should be clear enough to 
be understood by those for whom they are intended , otherwise thcr 

arc of little use "NMien m his dictionarj Dr Johnson defined a net 
as ‘nu> thing n nde iMlU interstitial % acuities ’ his definition wn*< 
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of little use, for his readers would not have understood the 
definiens as well as they already understood the definiendum; the 
definition uses murlcy words to explain a relatively clear one and so 
is of negligible value. 

Finally, a definition cannot serve much useful purpose if it is 
circular, that is, if the definiendum occurs within the definiens in 
such a way that no one could understand the definiens who did not 
already understand the definiendum. For example, to define 
“straight line” as “the line along which a ray of light travels when 
it goes straight” is circular and uninformative. 

Traditional logic used to prescribe additional rules for defini- 
tionSj including the rule that definitions should be given by genus 
and species and the rule that a definition ought not to be negative. 
However, these rules need not always be obeyed. To be sure, in 
giving a definition, it often is helpful to proceed by genus and 
species, that is, first saying what general kind of thing the word 
means and then saying what the specific form^ is But not all 
legitimate definitions follow this pattern. Also, it is often wise to 
avoid definitions couched in negative terms (“A lion is a big cat; 
not a tiger, not a leopard, not an ocelot”), for such definitions are 
likely to be too broad. But some negative definitions are perfectly 


legitimate. . i . •* 

A seeona kind o£ definition useful in preventmg ambiguity 
is the ,tivy.lativc definition, whose purpose is to deeiare how a 
speaker intends that a certain word, phrase, or symbol shall be 
understood (“Let mean 'Samoans’ - “Let 'hea^ trudi m an 

'trnekthateancarryaloadofStonsormore ;ete.). Perhaps 

expression being defined is one that previous y had no ” 

peLps it had a different or a vaguer meaning. At « 
point of the stipnlative definition is that 

deliberately endowed with a particular meaning Ob- usly. a 
4. Vo nf miieh use if if unciear w* 
stipnlative definition eannot 

circular. However, we do not have to w 3 
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too broad or too narrow, for that sort of correctness cannot pertain 
to stipulatiTC definitions. A stipulative definition is arbitrary, m 
the sense that it expresses only the speaker’s intention to use the 
word in the stipulated manner, and he is, after all, entitled to use 
it however he pleases, so long as he does not cause confusion. 

In order to avoid causing confusion, however, a stipulative 
definition should not assign to a word that already has an estab- 
lished meaning some new meaning that is likely to be confused wit 
it. Consider the following dialogue: 

BLACK : Justice Tompkins is a Communist, you know. He ought to 
be impeacbed. 

■WHITE: He is? I agree that we should not have Communists on ® 

bench. But how do you know he’s one? 
black: It’s obvious. He ruled against prayer in public schools, 
and according to my definition — surely I’m entitled to use 
words as I please — anyone who does that is a Communist. 
Therefore, he ought to be impeached. 

Here the stipulative definition is used to promote ambiguity rather 
than to prevent it. In the ordinary sense of the word “Commu- 
nist”, "White agrees with Black -that judges ought not to be Com- 
munists. But Black offers no evidence that the judge is a Commu- 
nist in this sense. All that Black shows is that the judge is a 
‘Communist’ in the peculiar, special sense of having ruled against 
prayer in public schools ; from that, nothing follows about whether 
the judge ought to be impeached. Black is causing confusion by 
failing to keep distinct these two very different senses of the word , 
this happens because he fails to recognize the difference here be- 
tween a stipulative and an analytical definition. 

Confusion can be caused in another way by a stipulative 
definition if a word or ^mbol that purports^ to name some 
indiWdual thing (such a word or symbol being a singular term) ^ 
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introduced even though it is not known that there is any such 
thing. Snppose I say "Let V stand for the largest whole nnm- 
her”. And then I go on to use this symhol "n” in making supposed 
assertions about this largest whole number. Here am ^ ° 
constructing a confused definition, for there is no l»ge^ who 
number; hence, I have no right to introduce and use a 

thisnonentity.^ r'tfti“^ 

definition is enongh to entitle me to start talkmg about to larges 

whole number as if it existed. There is no 
definition cannot create a number or any o er 

The two Hnds of definitions mentioned - " 

inform nsahoutverhal usage. The stipulato^^^^^^^ 
aspeaker’sintentionhenceforthtou^lnsjefi— 

■way, and the analytical defini ion 

definiendum already is used in language. T>iese two k. 

definitions are valuable in helping ^ ^ everything 

It would be a mistake, however, to suppose that^every^ 

called a definition belongs to one 6, tidily 

profoundest and most va ua e ® ^ 2 ^^ product of 

into either kind, men J simultaneity of 

mass times ;"n^^„n of light rays, and when 

distant events in terms empty 

Whitehead and Ruasell define ^ Etipulationa ahout 

he. Hewn, ■"'J ... .eeeB d. -t « 

their terms. But tnese 

ni tprmg It is aU right to 

define the general term /'nwcom ^ 

head” There are no nnicorns, hn ^,,„ed n unicorn, 

were Lny horse with a ihongh there are no 

can use the general tem. ^ ,u,„w that 

we must hew are of nawg the singn 
is such a numher. 
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also reflected previously established usage. What these defin 

did was to propose new verbal usages growing out o£ the p 
viously established usages: new usages that it was 
tendencies o£ thought implicit in the old usages -d » 
offered improved scope for the development of theoretical insight 

into the subject matter being treated. 

Not only in technical scientific fields but also m 
ary spheres we find definitions that do not fit tidily m o 
two categories of stipulative and analytical. We might give them 

the name reueZatory definitions. For example, when Pater de ne 

architecture as frozen music, he ivas not trying to describe ow 
word "architecture” is used in our language. (He took it ^ or 
granted that his readers would know what kinds of constructions 
are considered architecture.) Nor was he proposing some arbitrary 
new usage. We should not censure his definition merely on the 
ground that it is unhelpful for the purpose of preventing ambigu- 
ity; that is not the purpose of this kind of definition. ^ This 
definition is a metaphor, and it suggests a new way of looking at 
architecture, comparing the structural organization of the parts o 
a building with the structural organization of the parts of a 
musical composition. In trying to decide whether the definition is a 
good one or not, we must reflect about the extent and validity o 
this comparison between music and buildings ; the definition is a 


good one if the comparison is illuminating. 

Or again, when a writer on psychoanalysis says that man is 
be defined as the neurotic animal, this definition does not have the 
purpose of explaining the meaning of the word “man” to someone 
unfamiliar with it. Instead, its purpose is to call attention 
something about men that the writer thinks is of fundamenta 
importance in making men what they are and in accounting for i 
differences between the life of men and the life of animals. The 
definition is a good one if it achieves this. These revelatory 
definitions have no relation to the elimination of ambiguity ; 
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are mentioned only to indicate that analytical and stipulative 
definitions are not the only kinds of definition. 


Traditional philosophers, in line vdth Aristotle and scholasticism, 
emphasized what were called real definitions. Like the definitions we are 
calling revelatory, real definitions were not supposed to explain words bnt 
rather to describe the basic natures of things. It was believed, however, 
that there must be only one proper real definition of each species of natu- 
ral being. For instance, it was held that the real definition of man is that 
he is the rational animal. According to this traditional point o£ view, it 
would have been thought incorrect to define man as the tool-using animal 
or the animal with language, let alone as the neiirotic animal. The weak- 
ness of this traditional view is that it fails to recognize how a given term 
may be defined in different yet equally legitimate ways to serve different 


purposes. 

People sometimes think that one always should define one’s 
terms at the beginning of any discussion. This idea should not be 
carried too far. No speaker could be under an obligation to define 
all his terms. (He could never finish the task of defining “ * ® 
terms he uses, unless he allowed his definitions to be eireular.) 
Moreover, we have a fairly adequate understanding of the mean- 
ings of many words that we have never bothered to and also 

of many words that we perhaps would not know how to defi 
adequately even if we tried. Thus, it would be ^ 

indiscriminately to define all our terms before ^ 

However, it is often helpful, and even essent ml, to seek 
tfi^l'ns of partic’ular words that are harmfully amlnguous (or 


”*j:dirily true with regard to discussions in which 
eoufusln is caLd by failure tonotice the difierent — 
term. A verbal dispute ^ this kind of 

that some word is being used w ^ to- apflnitions that clarify 

dispute can be settled merely by P'*”® jisp„(es 

the situation (though to say thm m not to say 
ahvays are easy to settle). 
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The American philosopher William James gives a classic ex- 
ample o£ such a dispute.’ Suppose there is a squirrel on_ the 
trunk o£ a tree, and a man walks around the tree. The squirre 
moves around the tree trunk so as to stay out o£ sight, a ways 
£acing the man but keeping the tree between them. Has the mm 
gone around the squirrel or not? Some o£ James’s friends dis- 
puted hotly for a long time about this question. Here is a purely 
verbal dispute ; it can be settled by pointing out that in one sense 
the man has gone ‘around’ the squirrel, for he has moved from the 
north to the west and then to the south and east of the squirrel s 
location, but in another sense the man has not gone ‘around the 
squirrel, for the squirrel has always been facing him. Once we 
have pointed out these two different senses of the word, we have 
done all that can reasonably be done; there is nothing more worth 
discussing (though this does not ensure that discussion will 
cease). With a verbal dispute like this, giving definitions is the 
way to resolve the dispute But it would be utterly wrong to 
' assume that all disputes are verbal in this way. There are many 
serious problems for the settbng of which definitions are not 
needed, and there are many other problems where, if definitions 
help, they mark only the beginning of the thinking needed to 
resolve the issue. 


Exercise 24 

Discuss the purpose and adequacy of the definition proposed 
or considered in each of the following examples. 

1 A mammal may be defined as a four-legged land ammal that 
suckles its young 

2 A square is defined as a plane rectilinear figure having sides of 
equal length that meet at right angles 


s William James, TTaqmaUsm, Ijecture II 
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3 

i 

6 


7 


8 

9 

10 

11 

12 


13 


Lying means saying something that is not so. 

Belonging to the Caucasian race means having parents both of 
■whom belonged to the Caucasian race. 

Intelligence may be defined as that which intelligence tests 
measure. 

By pleasure we mean the absence of pain in the body and of 
trouble in the soul. epicubus 

And so. Lord, do thou, who dost give understanding to faith, 
give me so far as thou knowest it to be profitable, to under- 
stand that thou are that ■which we believe. And, indeed, we 
believe that thou art a being than which nothing greater can 
be conceived. ST. ansemi, Proslogium 

By Original Sin, as the phrase has been most eommosfy used 
by divines, is meant the innate, sinful depravity of the heart 
JONATHAN EDWARDS, Dootrine of Original Sin 


'What is Optimism f” asked Cacambo. 

‘It’s the passion for maintaining that all is right when aU 
goes wrong with us,” replied Candida. voltaire, Oar^drde 

rrue happiness consists in decreasing the difference between 

mr desires and our powers, in estabhshing a 

rium between the power and the ■will. nousssAU, Em 

To acquire a hnowledge of the world might ^ 

aim of aU education. Schopenhauer, On Education 

Life itself is essentially 

strange and weak, suppression, seventy, 

. anfi at the very least, putting n miiaest, 

forms, incorporation, and at 

exploitation. ... i Beyond Oood and Evil 

V 1 fe tlipn CO to constitute any religion. A 
These three elements, in some way inspire 

religion must and in so doing must 

a strong feeling of devotion to 
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show something in the nature o£ things that answers to the 
code or that serves to reinforce the feeling. 

JOSIAH ROYCE, The lieligious Aspect of Philosophy 

14 Consider yello-w, for example. We may try to deHne 
describing its physical equivalent ; we may state what 
light-vibrations must stimulate the normal eye, in order tha 
we may perceive it. But a moment's reflection is sufdcient to 
shew that those light-vibrations are not themselves what we 
mean by yellow. They are not what we perceive. Indeed we 
should never have been able to discover their existence, unless 
we had first been struck by the patent difference of quality 
between the different colours. The most we can be entitled to 
say of those vibrations is that they are what corresponds m 
space to the yellow which we actually perceive. 

G. E. MOORE, Principict Ethica 

15 We reject the subjectivist view that to call an action right, or a 
thing good, is to say that it is generally approved of, because it 
is not self-contradictory to assert that some actions which are 
generally approved of are not right, or that some things which 
are generally approved of are not good. 

A. j. AYER, Language, Truth and Logie 


In which of the following cases does there occur confusion that 
coidd be remedied by giving definitions or by correcting defim 
tions that are given? Explain each case. I 

Our senses lead us to imagine that things like stones, floors, and 
furniture are solid objects. But modern science has made the 
startling discovery that these are not really solid objects at a 
They consist of swarms of atoms whirling through mostly 
empty space. The floor is no more solid than is a swarm of bees. 
How deceptive the senses are I 

! HUGO : Why do you go around telling everyone that I stole this 
car ? My friends have become suspicious of me, and I may lose 
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my job. But you know perfectly well that I bought this car, 
you lying slanderer. 

CLOVIS: Please don’t excite yourself, my dear fellow. You 
bought that car for a ridiculously low price, and according to 
my definition that is stealing. So of course when people ask me 
about you, I tell them that you’re a thief. 

3 It is possible to prove that the physical universe came into be- 
ing only a finite length of time ago. Let e be the earliest event 
in the history of the physical universe. Now, there cannot 
have been any physical happening earlier than e, since e is by 
definition the earliest such event. And as every two points in 
time are separated by only a finite interval, e cannot have oc- 
curred more than a finite length of time ago. Thus the history 
of the physical universe does not go back infinitely far into the 
past. 

4 Sometimes you hear it said that people are less religious nowa- 
days than they used to be, because so many do not attend any 
church or practice any traditional religion. But I maintain 
that this idea is mistaken. Perhaps relatively fewer people do 
attend churches now than did a century ago; but this just 
means that their religion has changed, not that they have no 
religion. Everyone is necessarily religious, for religion is best 
defined as ultimate concern. Whatever a man’s ultimate con- 
cern is, that is his religion. Perhaps nowadays more people 
have baseball, television, or the pursuit of money as their reli- 
gion; but at any rate, people are not less religious now than 
they used to be. 

6 wbite: Brown is a real gentlemon. He always opens the door 
for a lady, he dresses elegantly, and his manners are polished. 
black : He is not a gentleman at all. He was caught cheating 
at cards, he has repeatedly lied to his employer, and he once 
accepted a bribe. 

6 HUGO: This bag contains a bomb. You can bear it ticking. If 
we don't do something, it will explode and destroy our building. 



210 


The Elements of Logic 


CLOVIS; Nonsense, it's not a bomb. The bag just happens to 
contain an old alarm clock and some waterlogged firecrackers. 
There is no danger at all. 


In each case discuss the soundness of Blaches criticism of 
White’s argument. 

1 WHITE: If you are rich, you can afford a siding holiday m 
Switzerland. But I see you cannot afford that. So this tells me 
you’re not rich. 

BLACK; Your argument is no good, because the word “rich is 
vague. How much money does a person have to have before 
he’s rich! 

2 WHITE: Every four years the American people elect the presi- 
dent. A member of the Democratic party is the president. 
Therefore, every four years the American people elect one of 
the Democrats. 

BLACK: You commit the fallacy of equivocation. The phrase 
“the president” has two meanings; “the president as such 
and “the present president”. 

3 WHITE: If your girl friend is mad, you can’t have a pleasant 
evening with her. And she is mad. So if you want a pleasant 
evening, don’t spend it with her. 

BLACK: That’s invalid thinking, because the word “mad” can 
have two meanings, “angry” and “insane”. 

4 WHITE : You tell me that my money will be safer and will earn 
a higher return if I invest it in the Lion Mutual Fund rather 
than in the Prudent Tradesman’s Fund. But I conclude that 
that’s not so, for I know that you earn an 8 per cent commission 
by selling shares in the former but no commission on the latter. 
BLACK : My friend, you are accusing me of having a selfish mo 
tive. You attack me instead of disproving what I said. You ve 
committed the ad hominem fallacy. 
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white: You grant me that no fishes have feathers and that all 
sharks are fishes. Therefore, you’ve got to grant that no sharks 
have feathers. , « j- • • „ n,, 

nuACK: Invalid. You are committing the fallacy of division, by 

reasoning from whole (fishes) to part (sharks 

white: Surelytheremusthesomethingunsoundaboutth^^ 

rent indeterministic theory of fi““"“’^“;“teve“od 
himself opposed it, saying that he could not believe that 

would play dice with the universe. 

BLACK : You are appealing to authority, 
the argument ad verecundiam. 

' white: I define God as the basic ’'"‘‘’'^^4r'’etoe''its 

whatever that may he. The universe exis s, an J 

basic reality, whatever that may be, must exist 

prove that there is a God. , pg„pie don’t 

black: That definition is meorrect. Lots P 

mean that by the word “God . 
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INDTJOTION AND PROBABILlirr 

I£ the premises o£ a valid dednctive argument are true, its 
conclusion, must necessarily be true also. By definition, a va i 
deductive argument has to be conclusive; its conclusion must b 
‘contained in’ its premises. Because of this, its conclusion cannot 
embody conjectures about the empirical world that go beyond what 
its premises say ; if it did the argument could not be conclusiv 
On the other hand, an inductive argument, as we define it, has a 
conclusion embodying empirical conjectures about the world ® 
go beyond what its premises say ; in an inductive argument, ^ * 
conclusion is not 'contained in’ the premises. Thus in an 
argument the truth of the premises cannot absolutely ensure ^ 
truth of the conclusion, and the argument cannot be conclusi'o^ 
the way deduction can be. But if the premises of an inductile 
argument are true and the reasoning is good, then it is reason 
to believe the conclusion; the conclusion is prohabUj true. 

1 lo order to emptaaixe the contrast between induction and dedactio , 
212 
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Indnctivereasoning k of great importance because so many of 
our beliefs about tbe world cannot be proved by deduction alone. 
If they are to be proved at all. the reasoning m support of them 
must include inductive reasoning; it cannot all be deductive. Fo 
example, it is a very ordinary belief that if a person eats bread for 
lunch it will nourish him. whereas if he eats 
him What reasoning can we employ in jus i c 
beliefs! Fundamentally, the belief that bread “ 

that arsenic will poison is supported by P-* experience, by our 

observation of past cases in 

the direct way of reasoning here is o in 

us if we eat it today, since bread that we ^ 

usua ly the past has usually poisoned. 

us. since arsenic that we Know oi ^ ^ 

This reasoning is obviously in character 

To be sure, we could reason 2\il arsenic 

always nourishes, it will nourish us o a 

always poisons, it will ^^^e^premises that themselves 

deductive reasoning depen 

require justification. H ^ al. 

islies and that arsenic always poiso 

ways) 1 Here the direct happened, and so probably 

all, by induction ; in the pas i ute these about 

it is what always happens. J to 

bow things happen in the wo . oomplet- 

induotive inference ; deduction . 


, .„i,,ble no matter hov veil 

.haU speak ot ‘“'^^^ufrraepartum fro» 

■'ifpr^Hmy 1 

mil rise tomorrow, IS ee ,„„,ement to 'J";™,g„„c„t» that aro not 
broatoTense, applying it cmphaslre the d.ffercnre between 

dfarefcoanTn“on“edaetiro reasoning. 
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ing a proof. Because our actions are so largely based upon beliefs 
arrived at by induction, the English philosopher Bishop Butler 
declared, “Probability is the guide to life”. 

"With inductive arguments, just as with deductive ones, "we 
have to distinguish between the truth of the conclusion and the 
logical validity of the reasoning. However, in inductive reasoning 
the situation is more complicated than in deductive reasoning, 
since we must allow for variations in the degree to which, 
according to the speaker, the premises supposedly make it reason- 
able to believe the conclusion. That is, we must allow for variations 
in the degree of probability the speaker claims that his premises 
confer on his conclusion. 

A speaker claims a high degree of probability for his conclu 
sion if he says “My past experience is such-and-such ; therefore it is 
practically certain that arsenic is always poisonous”. He claims a 
much lower degree of probability for his conclusion if he says My 
past experience is such-and-such, and so it is rather likely that 
arsenic is always poisonous”. An inductive argument that is 
perfectly legitimate when a moderate degree of probability is 
claimed for the conclusion (e.g., “He’s a Hindu, and so quite likely 
he’s a vegetarian”) can become fallacious if an unduly high degree 
of probability is claimed for the conclusion (e g., “He’s a Hindu, 
and so he’s sure to be a vegetarian”). 

"What then should we mean by calling an inductive argument 
valid ? An inductive argument is a valid argument if the degree 
probability claimed for its conclusion is indeed a reasonable degree 
of probability to attribute to that conclusion, relative to the given 
premises. The argument is a non sequitur if it claims for its 
conclusion a degree of probability that it is unreasonable to 
attribute to the conclusion, relative to the given premises. 

Keeping this in mind, we can see that an. inductive argumen 
may reach a true conclusion without being a logically "VS * 
argument. (In this respect, induction is like deduction ) 
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instance, supposeapersonseesablact cat crosh.^ 

that had luck is surely imminent; soon alter he ^ 

lightning Here his conclusion happens to have been true, hut his 

Lt:Smay.enheinvalidall the same, for, r«^^^ 

knewatthetimehemade_the«itma^^^^^^ 

prohahle that he was going reasoning was logically 

accidentally turned out to he true, hut the reason g 

■""a.., „ 

tLish 11. '“'"™ 1. »,ni. 

from true premises. (In ^ thunderstorm every 

tion.) For instance, suppose the t T infer that there 

afternoon at five o'clock for the P-t -ek^and ^infer t 

will rather likely he one yet it is possible 

and my reasoning may well be Pf „,eurs on the 
that my conclusion is ^ this inference, 

morrow. Here it is reasonable for me to m 
even though the conclusion may urn ut 

To grasp this “'.'"en we speak of the de- 
understand the notion of pro referring to the degree to 

gree of prohahiUty of a ®®“®!'^““^J',.p^rIusion ; probability here is 
which it is reasonable to belie Probabilities in this sense 

the same thing as rational ®” ’ .jjpy measurable, as we shaU 
are sometimes, hut not always, 

see. f ,v. term “probability”, to be 

This is not the only sense physicist speaks 

sure. A quite different sense i means is, 

of the probability of decay o uranium atoms do, in 

roughly, the relative frequency numerical, 

fact, disintegrate. Probabili y probabiUty often 

Mathematical formulations of _ relative-frequency sense 

employ the term “P™’’““^ oredibility. 

rather than in the sense of ration 
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But now, probability when understood as rational credibdity 
is a reUtive matter, in this respect; The degree to which it is 
reasonable to believe something depends upon how much we know. 
The very same conjecture takes on different degrees of probabili y 
relative to different amounts of evidence. For example, if all we 
know about Hugo is that he is twenty years old, then, relative o 
this evidence, the conjecture that he will be alive next jear is 
Mghly probable and very reasonable to believe (for we know tba 
most twenty-year-olds survive) . But if we learn that young Hu^o 
loves fast driving and has already had several accidents,^ th 
probability is distinctly diminished. And if we learn in addition 
that he has just collided with a concrete abutment at 90 miles per 
hour then, relative to this augmented evidence, the probability o 
his being alive next year is very much further reduced. Relative to 
our original information, the conjecture that he will survive was 
highly probable; relative to our augmented information, it has 
only a low degree of probability. This illustrates how changes m 
available evidence can change the degree to which it is reasonable 
to believe a conclusion. And it illustrates how probability is 
something quite different from truth, for the conjecture could be 
highly probable without being true or could be true without being 
very probable. 

Probabilities always are relative to evidence, yet often we 
speak of ike probability of something, without specifically stating 
to what evidence this probability is related. When we speak 
of the probability of a sentence, we mean its probability relative 
to all the information that we possess. If someone asks, What 
is the probability that there is life on Mars?'*, he means What 
is the probability, relative to all the evidence now available? 
The degree of probability may have been different in times 
past when there was less evidence, and it will surely be different m 
the future when more evidence is gathered. 

This brings us to another basic difference between dedueti' 
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„n. Dpduetive arguments are self contained 
and inductive reasoni g inductive arguments are not 

as regards validity in a way , * i„ ^lid to argue “No 

Thus, the questiou whctte ^ ^ deciduous . therefore 
deciduous trees answer depends solely 

no fig trees are conifers is a q onuses to the conclusion 

upon the logical relation »£ * ® anything else (excluding 

logic, of course) m require • „{ logic) the 

tence (excluding sentences *at «P ^^„,ng upon whether 

truth or falsity of which has any decisiv 

this reasoning is deductively ’ n-hether a deductive 

In general, when we are strictly to the stated 

argument IS valid, we may ' ^^^^jj^onts having suppressed 

premises, except for de rhanter 7) , even with them the 

premises (which weshalldiscussinChapter 

unstated premises always ar^ calling 

principle, he stated m full ^ogards the ques 

deductive arguments 'self con fallacies of non sequitnrf), 

tion of their v alidity (Do ^fulness m proving their 

not as regards the question of ^eir su ^ 

conclusions (Are they ^ound m ev ^ ,a this way 

Inductive arguments are “t ae twenty year 

Consider the argument “H^o Hugo will reach 

olds survive another ^oar, this argument is ““t 1“® 

twenty one” The person who preren ^ stated 

claiming that the oonelusion ^^ere making only that ve^ 

premises oU our relevant eviden . , “"'“ain. 

nninteresting, milksop claim^hm r ,a.^n 

tional sentence, not an inference ^ I 

something more signi can j that we know to 

reasonable to believe m the l^ht o „„,„t„,i„n relat re m 

eerned with the degree of P^^t evidence that we possess 
all the directly and indirectly rel 
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How much evidence is thist A great deal— indeed, indefinitely 
much, for so many of the things we know about the world have at 
least indirect bearings on the question of Hugo’s survival. 
knowledge of the longevity of other people, of the longeidty of 
other animals, of the general regularity of nature, all is indirectly 
relevant.) If we tried to list all the empirical sentences we know 
to be true that are at least indirectly relevant to the question of 
young Hugo’s survival, we "would find that we had embarked upon 
a task that we could not complete or at any rate that we could never 
be sure that we had completed. There are indefinitely many such 
sentences, and in trying to list them all we never could be certain 
that we had not omitted some. 

In an inductive argument the explicitly stated premises are 
only a tiny part, although usually the most noteworthy part, of the 
indefinitely vast amount of information about the world upon 
which the conclusion depends. Each bit of this known but unstated 
information has a bearing upon whether the argument is indue* 
tively valid. But where reasoning involves relevant premises so 
rich that we cannot be sure even of stating them completely, we 
cannot expect to be able to impute to the premises and conclusion 
any specific logical form in virtue of which the argument would be 
valid or invalid. We cannot rely on considerations of logical form 
for judging the validity of inductive reasoning. Thus inductive 
arguments are not 'self-contained’ in the way that deductive 
arguments are, which makes their whole logic profoundly diffo*^ 
ent, for it means that formal rules cannot play the central role m 
inductive logic that they do in deductive logic. 


INDUCTIVE GENERALIZATION 

Suppose that we have met some swans and have observed each of 
them to be white. This information is not enough to prove 
deductively whether all swans are white or even whether the next 



Inductive Reasoning 


219 


Bwan^emeet^lbeso. But here we might construct an indueti.e 

argument of the form 

INDUCTIVE GENEKALIZATION 

a,b,c... eachhasbcenohserveatoheSandP. 

Nothing has been observed to he S without being ^ 

Therefore, probably, all S arc P. 

1 • ■= or, "all” sentence and is called a generahza- 

Here the conclusion IS an all sent te the individ- 

tion. In terms of go he interpreted to 

ual swans that have hp o 

mean swans , and i" ;n,iuctive generalization, 

things”. This is the simplest {^rm of reasoning 

A kindred but “^certain percentage of observed S 

would start from evidence tba statistical generaliza- 

areP, audit would pass totheeo—^^^ 

tion) that probably approximate y P j 

P. For example, from the about 20 per 

seen today were robins, mg ^p^^ns. 

cent of the birds now m my P arguments; some are 

Some arguments of this ^ an argumrot 

weak arguments. In trying to ju probability with which 

is (that is, in trying to judge ^ ^^aed to take account 

the conclusion follows from e reasonable it is to suppose 

of various factors that determine ^ g^^^ral, 

that the things observed cons i n . ^ suppose that the 

rvlth regard to being P. a 'fair sample’ 

particular swans that we hav ^iould be 

of swans in general, with regard to eolo 

considered. a r etc have been observed to be 

1. The degree to which a, g nnd P) m 

alike (besides the mere fact th p„r instance, 

important. This is called the p American. 

snLse that aU the observed swans w 
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Then our argument would be relatively weak, for we would not be 
entitled to feel very confident that our sample is representative of 
the whole class of swans with regard to color ; we have not exclu e 
the real possibility that it is only female swans, or perhaps on y 
American swans, that are white. In general, the greater th 
positive analogy among the observed instances, the weaker is the 
argument, other things being equal. 

2. Also important is the degree to which a, h, c, etc., have been 
observed to differ one from another. This is called the negaUve 
analogy. For instance, if we have observed swans in winter and in 
summer, in the wilds and in captivity, young and fully grown, then 
our argument is strengthened. We have increased the probability 
that the sample is representative as regards color, for 'we have 
excluded the possibilities that it is only swans in winter, or only 
wild swans, or only young ones that are white. In general, the 
greater the negative analogy among the observed instances, the 
stronger is the argument, (Notice that the extent of the positive 
analogy and the extent of the negative analogy are two quite 
independent matters; having much positive analogy need not 
entail having little negative analogy.) 

3. Also we should consider the character of the conclusion; 
we must take account of how much it says. The more sweeping the 
generalization that we seek to establish, the less is its probability 
relative to our evidence, and the weaker is our argument. For 
example, “All swans are white” is a generalization that says more 
than “All American swans are nonblack”. The less specific the 
subject term and the more specific the predicate term, the more a 
universal generalization says. Statistical conclusions too can diffci' 
in bow much they say ; that at least 10 per cent of the birds in this 
wood are robins is a statistical generalization that says less than 
docs the generalization that between 19 and 21 per cent of birds m 
this state are robins. 
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In addition to these three factors, there are two others, 
perhaps less fundamental but also deserving notice. 

4. We should consider the v/wniber of observed instances (a, b, 
c, etc.) . An increase in the number of observed instances normally 
means an increase in the strengtii of the argument. Here a rather 
abstract question may be raised : Does an increase in the number of 
observed instances^ Just as such, necessarily increase the prob- 
ability of the generalization? Or does the conclusion become more 
probable only because additional observed instances ordinarily 
mean an increase in the extent of the negative analogy among the 
observed instances? Suppose that the number of observed in- 
stances were to be increased without the negative analogy thereby 
being increased. Would this strengthen the argument, or would 
this leave the probability of the conclusion unchanged? Philoso- 
phers disagree in their views about this abstract question. Fortu- 
nately, the matter is very academic, for in actual practice whenever 
we increase the number of observed instances we usually also in 
crease the extent of the negative analogy among the observed in- 


stances. 

5. Finally, we should consider the relevance of S to P. How 
probable is it that there would be a conneotiou between the 
property of being a swan and the property of being white! Are 
these properties that may reasonably be expected to be correlated 
Here we must rely upon knowledge gained through previous 
inductions. In our example we might reasonably suppose that 
being a swan is relevant to being white, since we know (from 
previous inductions) that birds of the same species usually hare 

the same coloring. , u * 

In practice, we should take ail five of 
account, weighing them together, when we seek to 
specific inductive argument is relatively strong or “ 

We need to use common sense as we ask ourselres wliethcr oe 
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entitled to suppose that our observed instances constitute a 
sample’ of the ivhole class about which we are generalizing. 

As we try to weigh the strength of an inductive argument, 
three main types of mistake should be avoided. We shall call these 
the fallacies of forgetful induction, hasty induction, and slotM 
induction. All three are mistakes that can arise in inductive 
reasoning of any type, but we shall consider them now just _iu 
connection with inductive generalization. First there is the mis 
take that arises from neglecting some of the relevant empirica in- 
formation that we possess. This is the fallacy of forgetful indue- 
tion. Where the conclusion is a generalization, we speak of t e 
fallacy of forgetful generalization. 

For example, suppose someone wishes to estimate how many 
polo players there are in a given city. He visits a golf club there 
and interviews the first 500 people he meets, of whom 10 per cent 
say that they play polo. He then concludes that it is highly 
probable that just about 10 per cent of the people in this city are 
polo players. This is an example of very faulty reasoning. 
mistake lies in forgetting that people met in a golf club are usually 
sportsmen and relatively well-to-do; sportsmen and the weU 
to-do play polo more than other people do, as polo is a sporty and 
expensive game. These are facts that we all know, if we only stop 
to think. Thus there is positive reason to believe that this sample^® 
not representative of the population of the city at large, ^ 
respect to polo playing. Under the circumstances, this man 
conclusion is not highly probable, as he imagines, but really has a 
very low degree of probability. 

A second type of mistake in inductive reasoning is the fallacy 
of leaping to a conclusion, when the evidence is too slight to make 
the conclusion very probable. This is the fallacy of hasty induc- 
tion. "With regard to inductive generalization, this has tradition 
ally been called the fallacy of hasty generalization. For exampl , 
suppose a young man for the first time meets a girl from J 
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Jefferson College ; he finds her dumpy and dull, and so the next 
day he tells his friends that all the girls from Martha J efferson are 
^pigs'. Here his reasoning is illogical, for he has based a sweeping 
generalization upon very slight evidence; the probability of the 
conclusion relative to his data really is veiy low, yet he states his 
conclusion as though it "were highly probable. His mistake is that 
he leaps to a conclusion on the basis of very little evidence. This is 
somewhat different from the mistake made by the man who visited 
the country club ; he collected a considerable amount of evidence 
hut, in evaluating it, forgot about relevant information that was 


available to him. 

The third type of mistake is the mistake of treating a 
conolnsion as though it were less probable than it is. If a conoln- 
sion is something that, for one reason or another, we would prefer 
not to believe, all too often we refuse to accept it even after the 
evidence has piled up strongly; we persist in believing that the 
conclusion is improbable when it is not. We call this the fallacy of 
stoUful induction. When it arises in connection with inductive 
generalization, it is the fallacy of slothful generalization. 

Suppose the question is whether Hugo is a driver who will 
have relatively few accidents in the long run. In M^ch the Buic 
he was driving ran into a tree. His father then bought him a 
Chrysler, but in April it eollided with a telephone pole His in- 
dulgent father then bought him a Pontiac, but “ 

stonewall. His still indulgent father then / h ,.koTer 

but in June it plunged into a river. The ^^er « 

the available evidence, begins to wonder ^ e er 

baps point toward Seneralization ^ y™«^ ^ accidents. 

to continue driving, *, jEartuaateeoineidenees: 

But Hugo insists that itisjustas^ necessarily 


after all, a person can have father to buy 

having a bad record in the long _ ^ 

him a Cadillac, so that he can sh 
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Here is an instance of slotMnl generalization. Hugo is refusing to 
face the facts, for the evidence is sufficient to make it very probable 
that he is not a safe driver ; the probability, which a prudent father 
ought to recognize, is that if Hugo is given more cars he will smash 
them soon. 

Exercise 25 

Ov/r first rochet ship to Mars has jtist landed. The astronauts 
begin to explore and encounter ten Martians, all of whom they 
observe to be three-legged, inseetlike creatures with long an- 
tennae who live underwater in the canals. They infer that 
probably all three-legged inseetlike Martians live underwater. 
Consider whether {and why) this inference would be made 
stronger or weaker by the following alterations. 

1 Suppose that the observed Martians are of various colors : 
some purple, some pink, some yellow, some green. 

2 Suppose that 100 Martians are observed. 

3 Suppose that all the observed Martians are blue and live to- 
gether in a particular spot. 

4 Suppose the astronauts infer that all three-legged, inseetlike 
Martians live underwater in canals and not in ponds. 

5 Suppose that all the astronauts’ observations so far have been 
made during the morning. 

6 Suppose the astronauts infer that all three-legged, inseetlike 
Martians go into the water at least sometimes. 

V^hich of the following generalizations are highly probable, 
relative to our available evtdenceT 

1 History shows that tyrannical governments do not endure. 

2 The more exercise a person gets, the healthier he is. 
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Here the claim that the barge was like a burnished throne is a 
simile ; to say that it burned on the water is to use a metaphor ; and 
to say that its poop was beaten gold is htmal. 
description. A simile or metaphor says something 

literaUy would be false or even absurd ; when we understand that 
iiierauy , wuum uo analogy 

it is intended to be figurative, we see that it res P 
of a kind not ordinarily noticed, an analogy that may be vivid 

«, ..«» » *■— i"f ‘I f i 

a,.,.,.,. „« — .. a... 

reasoning. In connection wi negative analogies 

already noted the importance 0 pp that there are other 

among the observed instance ; ^ jiU njore prominent 

inductive inferences in which analogy P' ^ 

role. This happens when an arguer pom ^ o£ 

two things for the purpose of proving something 

them. . . and found 

Suppose that the postnian once m 

that it had a bad temper and “ “ ® ^ this dog also is 

anotherboserdog,hemayreasonby analogy^ 

likely to have a bad temper 

reasoning rests upon ana gy, . pjohably it 

dog resembles the past “ ’ jj^^gover, his reasoning is 

resembles it in temperament as ■ ^ 

if we notice that sometimes , 53 based. Foresample, 

instance upon which the “ _„niber of swans in the past (caU 
suppose that we have “J^f t hem to he white; now we 

them a, h, O and have objved „„t yet had 

learn of another swan (callitdlwn 
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for one hour, I emptied out the dead insects, sorted, and 
counted them. Although there were hundreds of insects, 
the only large ones were butterflies and grasshoppers. I infer 
that there probably are no large moths in this region during 
August. 

Describe in some detail methods, which would not he unrea- 
sonably expensive or difficult to carry out, by means of which 
we could get strongly probable answers to these questions: 

1 Are people who eat an apple a day significantly healthier on 
the whole than those who do not? 

2 Are athletes who drink liquor able to run significantly less 
fast and far than athletes who do not drink ? 

INDUCTIVE ANALOGY 

An analogy is a parallel or a resemblance between two different 
things. Sometimes we use literal language to talk about analogies, 
and when we use figurative language we nearly always employ 
analogies. To use language in a figurative way is to stretch words 
eyond the bounds of their normal literal uses. Figurative lan- 
guage often IS used for description, though sometimes also as a basis 
or argument. Simile and metaphor are the two most familiar 
forms of figurative language. 

A simile is a statement that one thing is like something else of 
a very different type or that one thing does something as if it were 
... _ ^ ^6ry different type. A metaphor states that one 

o s something else of a very different type or that it doss 
some mg very different from what it literally does do. In 
la .espeare s account of Cleopatra on the Nile we find a combina- 
tion of forms of description: 

The barge she sat in, liie a bamishea throne, 

Bamed on the water; the poop was beaten gold. 
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opportunity to obsen-c. "Wo may reason by analogy that, since this 
new bird resembles the already observed ones in spceics, probably 
it will resemble them in color as well. Here the reasoning rests 
upon an analogy drawn between the present bird and a number o£ 
previously observed ones. 

INDUCTIVE ANALOGY 

a, hj c each has been observed to be S and P. 
d is an S. 

Therefore probably d is P. 

The form of this reasoning is closely akin to that of inductive 
generalization, but the difference is that here the conclusion is a 
singular sentence rather than a universal generalization. 

Some philosophers have held that an argument like this, vhich 
reaches a singular conclusion, ought to be interpreted as invoUTUg 
two steps: first, the inferring of an inductiNC generalization (“Since 
a, b, c each has been observed to be S and P, therefore probably all 
S are P”) ; and second, a deductive syllogism ("All S arc P; d is an 
S; therefore d is P"). However, there is no reason why we must in- 
terpret the reasoning in this way. Moreover, this interpretation mislead- 
ingly suggests that the singular conclusion is no more probable than the 
inductive generalization, whereas actually the singular conclusion usually 
would be far more probable than the corresponding generalization. 

In judging the strength of an argument of this type, we need 
to take account of the five factors discussed in connection with 
inductive generalization and also of one additional factor. 

1. We must consider the extent of the positive analogy among 
the observed instances, a, h, c; that is, the respects (not counting 
being 8 and being P) in which the previously observed instances 
are known to be alike. In the example of the postman, there was 
only one past instance ; there the question of positive analogy 
among the previously observed instances does not arise. 

2. Also we must consider the extent of the negative analogy 
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among the observed instances, that is, the respects in which they 
are known to differ from one another. The greater the extent of 
these differences, the stronger is the argument. 

3. We must consider how much the conclusion says. Does it 
make a very informative claim or is it comparatively vague ? The 
more the conclusion says, the weaker is the argument. For exam- 
ple, the conclusion “This dog will bite” says more than does “This 
dog will bark or bite”, 

4. We should consider the number of observed instances, a, h, 
c, etc. ; the more of them there are, the stronger is the argument. 

5. We should consider what our past experience tells us about 
the probable relevance of S to P. 

6. The additional very important factor that must be taken 
into account is the degree of analogy between the new thing d on 
the one hand and the previously observed instances a, b, c, etc., on 
the other hand. If it is known that d has properties that none of a, 
b, c, etc., possesses, or if it is known that all a, h, c, etc., possess 
properties that d lacks, then the argument is weaker than it would 
otherwise be. For example, if we know that a, b, c, etc., are all 
European swans but that d is an Australian swan, then our 
argument is weakened. But if d, to the best of our knowledge, is 
verj’^ like a, b, c, etc., then the argnment may be quite strong. 

When an argument by analogy is weak, sometimes a good way 
of showing that it is weak is to show that the available evidence 
permits us to construct other arguments by analogy that are no 
weaker but that reach an opposite conclusion. If I think that the 
postman is unduly worried about the analogy between the present 
boxer dog and the one he met in the past, I may try to show him 
the weakness of his reasoning by constructing an equally strong 
argument in support of the conclusion that this dog will not bite. I 
remind the postman that this new boxer belongs to old Mrs. Jones 
who is well Icnown for her amiable pets; the postman is forgetting 
that her cats are very friendly, so is her goat, and so is her pet 
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m '^'=.‘“2 “ ^ ° ® I „We to use a countcranalogv m 

orto“to «hibit the weakness of tlie original argument by analogy. 


Exercise 26 

Hubert 7ms loughi a «e» Torpedo ‘"'"’"“’''’■''’fXir'' rte 
the past ten years, and none of them ever hro -e ' , 

year he intends to luy another, for he reasons that st probab y 
iill not break damn either. Consider whether and why. Ins 
argwment would he made stronger or weaker hy each of 
following alterations. 

1 Suppose that each of his past cars was an eight, while tins 
year’s product is a six of radical design. 

2 Suppose Hubert had been buying Torpedoes for twenty years. 

3 Suppose he learns that the whole engineering staff at Torpedo 
Motors has just been fired. 

4 Suppose his past cars have been various models ; sixes, eights, 
sedans, coupes, etc. 

5 Suppose that the new Torpedoes, unlike the old, look like 
motorboats and are painted in six-tone color schemes. 


6 Suppose Hubert has found not merely that his previous Tor 
pedoes did not break down but that they gave super 
performance in every way. 

7 Suppose that, instead of predicting that his new car 
break down during the year that he intends to own it, 
predicts just that his car will not break down during 
month. 

8 Suppose he predicts that none of the new Torpedoes 
break down. 
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In each case state whether the analogy involved is 'ivsed Just 
for description or whether it is the basis for an argument. 
If there is an argument, describe its structure and discuss its 
strength. 

1 Mistresses are like books. If you pore upon them too much 
they doze you and make you unfit for company; but if used 
discreetly, you are the fitter for conversation by ’em. 

WTCHBBLET, The Country Wife 

2 'Why then should the education of apes be impossible? "Why 
might not the ape, by dint of great pains, at last imitate after 
the manner of deaf mutes, the motions necessary for pronun- 
ciation? I do not dare decide whether the ape’s organs of 
speech, however trained, would be incapable of articulation. 
But because of tbe great analogy between ape and man and 
because there is no known animal whose esternal and internal 
organs so strikingly resemble man’s, it would surprise me If 
speech were absolutely impossible to the ape. 

XiA METTRiE, ilfon tt Machine 

3 Every one who really thinks for himself is like a monarch. 
His position is undelegated and supreme. His judgments, like 
royal decrees, spring from his own sovereign power and 
proceed directly from himself. He acknowledges authority 
as little as a monarch admits a command; he subscribes to 
nothing but what he has himself authorized. The multitude 
of common minds, laboring under all sorts of current opin- 
ions, authorities, prejudices, is like the people, which silently 
obeys the law and accepts orders from above. 

scnopENnAUER, The Art of Literature 

4 “Do you think,” said Candide, “that men have always mas- 
sacred each other, as they do today, that they have always been 
false, cozening, faithless, nngratefnl, thieving, weak, incon- 
stant, mean-spirited, envious, greedy, drunken, miserly, am- 
bitious, bloody, slanderous, debauched, fanatic, hypocritical, 
and stupid?” 
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“Do you think,” said Martin, “that hawks have always 
eaten pigeons when they could find theraf” 

“Of course I do,” said Candide. 

“■Well,” said Martin, “if hawks have always had the 
same character, w’hy should you suppose that men have 
changed theirsi" voltaire, Candide 

5 Words are like leaves ; and where they most abound, 

Much fruit of sense beneath is rarely found. 

ALEXANDER POPE, “Essay OH Criticism” 

6 Johnson told me, that he went up thither without mentioning 
it to his servant, when he wanted to study, secure from in- 
terruption; for he would not allow his servant to say he was 
not at home when he really was. "A servant's strict regard 
for truth (said he) must be weakened by such a practice. 
A philosopher may know that it is merely a form of denial ; 
but few servants are such nice distinguishers. If I accustom 
a servant to tell a lie for me, have I not reason to apprehend 
that he will tell many lies for himself. ” 

BOSWELL, lAfe of Johnson 


hypotheses about causes 

Next we shall consider inductive arguments that aim to establish 
conclusions about relations of cause and effect. Much of our 
thinking about the world involves questions of causes and effects ; 
we need to know not merely what phenomena take place but also 
which phenomena cause which others A sentence saying that one 
thing is cause of another thing (eg, “Arsenic causes death”) 
normally has to be an empirical sentence ; it must be supported by 
inductive reasoning based upon observational evidence. Let us 
consider the sort of evidence and the sort of reasoning that are 
required. (To be sure, there are necessary sentences about causal 
relations, e g., “Fatal poisons cause death”. But these are com- 
paratively trivial and uninteresting.) 
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A fallacy related to causes occurs often in political speeches 
and in other common kinds of careless thinking. Suppose someone 
argues, “The Great Depression began in the United States soon 
after Herbert Hoover took ofBce as President. Therefore Hoover 
must be to blame for causing the Depression”. This is an inductive 
argument, an argument whose conclusion is a hypothesis about 
cause and effect (that the Depression was an effect caused by 
Hoover). But it is a very bad argument It commits the fallacy of 
post hoc, ergo propter hoc (Latin: “after this, therefore on account 
of it”). This fallacy is a special case of the general fallacy of hasty 
induction. Here the speaker has leaped from the evidence that the 
Depression began soon after Hoover took office to the conclusion 
that the Depression began because Hoover had taken office. This is 
too hasty a leap. To be sure, the fact that the Depression began 
soon after Hoover took office may, if there is no contrary evidence, 
make it faintly probable that perhaps Hoover was the cause, but 
this fact is utterly iD.sufficient to make it highly probable that he 
was the cause. W e would need much more evidence before we could 
reasonably attach any strong probability to the conclusion. 

In order to know that one thing is the cause of another, we 
need to know that the first thing happened or existed earlier than 
the second, but we need to know a great deal more besides. (In 
most ordinary cases a cause certainly must precede its effect; 
whether there are some cases in which a cause may merely be simul- 
taneous with its effect is a point disputed by philosophers, upon 
which we need not enter.) 

What does it mean to say that one thing is a caiise of another J 
What more is involved, beyond the claim that the former thing 
happened earlier t Let us consider another case ; A doctor gives an 
experimental drug to a patient suffering from a serious disease; 
next day the patient's symptoms aw relieved, and he gradually 
recovers. Is the doctor entitled to say that the drug caused the 
cure ? In order to discuss this matter we do not necessarily have to 
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-^orry about the inner biochemical processes taking place in the 
petient’s bloodstream. The Indians knew that quinine eauses re 
Lf from malaria, altbougb they knew nothing about how it docs . 
It is possible to know that » causes y without knowing the interven- 
ing steps by means of whieh a: eauses y. But what does it mean 
say that the drug eaused the euret To claim that taking tins dose 
of the drug eaused the patient’s cure surely is to claim, for one 
thing, that what has happened here is an instance of a general 
regularity. This implies that anyone who is snffloicntly similar to 
this patient and who has the same symptoms will be cured of them 
upon taking the drug. The claim that the drug cured the patient 
would be refuted if we diseovered that other sufficiently similar 


patients ■were not cured by it. . . + 

For another thing, to claim that this dose cured this patient 
surely is to claim that, if the patient had not bad the drug, he 
would not have been cured (at least, not when he was) . This seems 
correct. Tet someone might object: 'What sense does it moke to 
talk about what would have occurred if something that did happen 
had not happened ? We cannot go back and change the past j how 
could we ever find out whether the patient would have recovered 
without the drug ? We must answer this objection by pointing out 
that talk about what would have happened to this patient derives 
its sense from its implicit reference to what does happen to other 
sufficiently similar patients on other sufficiently similar occasions 
"When we say that, if this patient had not had the dose, he would 
not have been cured, we are implicitly claiming that other patients 
with the same symptoms, whose situation is similar to that of this 
patient except that they do not get the drug, are not cured. 

Putting together these points and generalizing them, we may 
say that a sentence of the form “x causes y” by its very meaning 
normally implies not only that x takes place or begins to exist prior 
to y hut also that, in cases of some certain kind, x always is present 
if and only if y is This is part, though to he sure not all, of what 


is meant by speaking of caus^. 
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Someone might object to what has been said, on the ground that it is 
vague to speak of ‘^cases of some certain kind’' or of cases that are 
“sufficiently similar”. Of course it is vague but that is not a ground for 
objecting; the general notion of caiKation is a rather vague notion, 
though not on that account a useless notion. 

Another aspect of the notion of cause is that we commonly speak 
about the cause of an event For instance, a coroner is asked to de- 
termine the cause of a victim's death. There are innumerable events, each 
of which in a sense could be said to have caused the death : The victim 
died because his brain ceased to receive osygen, because his blood stopped 
circulating, because his heart stopped beating, because a bullet traveled 
toward his body, because his enemy pulled the trigger, and so on. Each 
of these events is such that death in closely similar cases occurs if and 
only if the given event occurs. But the coroner will report as the cause 
of death that a bullet passed through the heart. When he calls this the 
cause of death, the coroner is not denying that many other events be- 
longed to the chain of causes and effects that eventuated in death; the 
coroner is doing his duty by focusing attention upon one especially 
significant event in the chain. This event, which he calls the cause, is 
especially significant because It is the event upon which we can best focus 
our attention if we want to assign responsibility for such n death and 
upon which we can best focus our efforts if we want to prevent or control 
deaths of this type. 

The nineteenth-century English philosopher John Stuart iini 
described several fundamental ways of detecting causes. These arc 
known as AlilVs methods, WJicn properly understood and not 
overrated, these methods arc useful in guiding our thinking about 
causes. We shall consider three of these methods, discussing them 
first in connection with a concrete example. 

Suppose that some of the students who cat in the Coolidgc 
College cafeteria are taken ill after lunch. We investigate a few of 
the coses and gather the following data; 

Student a ate soup, ate fish, ntc salad, and got ptomaine. 

Student b ate soup, ntc no fish, ate salad, and got ptomaine. 

Student c ate no soup, ntc fish, ntc salad, and got ptomaine. 

These data will enable us to reach a conclusion about tbe cans** 
of the food poisoning, provided that we may make a certain 
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assumption. We must be entitled to assume that one and only on 
o£ the factors listed (eating of soup, eating of fish, eating of sa a ) 
is the cause of the food poisoning. If ^e may a^ume ^ 
use what Mill called the method of agreement : IS e reason that 
cause must he present in each easewhere the effect is present. l ei^e 
eating salad must have been the cause of the ptomaine, since it 
the factor with regard to which all the eases agree 

On another occasion, students again are taken ill. This time 

we coUect the following data: . 

Student 0 ate meat, ate pie, ate ice cream, and got ptomaine. 
Student h ate no meat, ate pie, ate no ice cream, go no 
ptomaine. 

student o ate meat, ate no pie, ate no ice cream, go 

ptomaine. , 

Again, before we can draw any definite conclusion, we must he 
entitled to assume that the cause is some one of the factors on e 
list. But if we may make this assumption, we can use what Mill 
called the method of difference: We reason that any factor present 
in cases in which the eSeet is absent cannot be the cause. Thus, y 
process of elimination, we see that eating ice cream must have been 
tte cause of tte food poisoning on this occasion. 

On still another occasion we again find students being taken i 
after eating in the cafeteria. This time we collect the data: 

Student a ate one hamburger and got ptomaine with fever o 

101 °- . f 

Student h ate two hamburgers and got ptomaine with fever o 
102 ^ 

Student c ate three hamburgers and got ptomaine with ever 


of 103°. 

Here we are concerned not with the simple presence or absen 
of cause and effect but rather with the degree to which cause a 
effect are present. "When we infer from these data that 
hamburgers caused the ptomaine, we are employing what 
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called the metJiod of concomitant variation. If a factor is present 
in all and only those cases in which the effect is present, then the 
more closely its variations in degree are correlated with the 
variations in degree of the effect, the greater is the probability that 
this factor is the cause. 

Mill regarded these three* methods as useful both as a guide in 
collecting data and planning new experiments to discover causes 
and as a guide in reflecting about the strength of arguments that 
try to prove conclusions about cause and effect. His methods are 
nseful in both these ways : for planning further inquiries and for 
evaluating results that have been obtained. However, we must not 
make the mistake of assuming that these simple methods provide 
an infallible way of detecting causes. Far from it, for in any 
overall piece of inductive reasoning within which we make use of 
Mill's methods, we always must evaluate the probability that we 
have actually included the cause among the factors of which we 
take account. Unless we are entitled to think it probable that 
we have done this, use of these methods is not legitimate. 

Fallacies involving Jlill's methods occur frequently. A crude 
example is this: Suppose that one day a man eats popcorn vhile 
watching television and suffers indigestion ; the next day he eats 
pizza while watching television and suffers indigestion; the next 
day he eats cheesecake while watching television and suffers in- 
digestion. Using the method of difference, he argues that neither 
popcorn nor pizza nor cheesecake caused his indigestion, and he 
concludes that watching television caused it (perhaps because of 
the electrical radiations). Here the reasoning is absurd, for the 
list of factors of which he took account omits overeating, which 
certainly ought to have been considered as a possible cause. 

sin hla St/stem of Lo$ie, Mill dlscosses two addU!on.il mcttiodir, the joint 
xijctljod of apreement and difference and the method of rctiduM. But th«c are 
ju8t eliphtlT more complicated ways of usIor the mctl.wl of npmmeal and tho 
tncUiod of difference; they do not Introduce any new principle. 
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Aa another example, suppose it is found that in a certain town 
those young people who regularly attend church relatively seldom 
get into trouble with the police, while those who do not attend 
church relatively more , often do get into trouble with the police. 
Using the method of difference, the local religious leaders point to 
these facts as proof that reUgion causes improvement in the mor^ 
fiber of the young. Is this a reasonable conclusion? Not if it is 
assumed that these data by themselves confer any very high degree 
of probability upon the conclusion. There are certainly other 
factors that should be taken into account before we could say that 
any strong proof had been given. Is it not very possible, for 
instance, that their wholesome family environment causes some 
young people both to be religions and to be law-abiding, whereas 
the unwholesome family environment of others causes them to be 
neither religious nor law-abiding? Here is a really serious possi- 
bility that merits investigation. 


Exercise 27 

In each case, which of MtlVs methods is ieing employedf 
Discuss the soundness of the reasoning. 

1 On the average, children born between May and October seem 
to get slightly higher scores in intelligence tests than children 
born from November to ApriL Is it the season of conception 
or birth that somehow affects the intelligence of children, in so 
far as these tests can measure it, or is it the intelligence of 
the parents that influences the season of conception of the 
child? The second must surely be the explanation: for 
example, when one compares the average scores of winter and 
summer children who are brothers and sisters, the difference 
between them almost completely disappears 

p. B MEDAWAB, The Futuve of Man 

1 Does a college graduate earn enough in a lifetime to compen- 
sate for the four or more years when he was paying to learn 
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rather than being paid to work? Some figures recently re- 
leased by the Bureau of the Census prove that the answer is 
yes. These figures, based on the year 1958, show that a man 
who graduated from high school and worked until age sixty- 
four could expect to earn a total of $231,500 during his 
working lifetime. A college graduate also working until age 
sixty-four could expect to earn $383,000, Going to college 
does pay } 

3 A survey conducted at the Warren G. Harding University 
revealed that 70 per cent of students on the honor roll could 
type, while only 30 per cent of the students not on the honor 
roll could do so. The faculty, anxious to improve academic 
standards, decided that henceforth all freshmen who cannot 
type must enroll in a compulsory typing course. 

4 Psychologists who have tested thousands of people working 
in American business have discovered that top executives gen- 
erally have much larger vocabularies than lower-level em- 
ployees do. Therefore if you want to rise to the top in busi- 
ness, you should work to eularge your vocabulary. 

5 In the city where you live the divorce rate 5s high : There 
are two divorces each year for every three marriages. There- 
fore if you want your marriage to endure, you should move to 
some other city where your chance of staying married will he 
greater. 

6 A survey of bigh-school students in Newton, hfassachusetts, 
shows that those who do not smoke have significantly higher 
IQ’s and attain higher academic grades than those who do 
smoke. It is appalling to realize that smoking can have this 
sort of effect upon the mental ability of adolescents. 

7 Senator Progshire says that history has disproved the theory 
that large Federal deficits contribute to economic growth. 
“For the past six years”, Progshire says, “Federal deficits 
have averaged a bea\'j* six billion dollars per year, and yet 
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economic growth has been a slow-moving despair of economists 
during this very period”. 

8 Public school students in Springfield, Missouri, were given 
a physical fitness test. Then students ranking in the top 40 
per cent of their classes on the basis of physical performance 
were compared in other ways with a random cross section of 
students. Members of the select group were found to have a 
grade average of 2.48 while the average of the others was 2.19 
(2.00 represents a C average). Those in the high-fitness group 
participated in 50 per cent more extracurricular activities and 
had an absentee record 30 per cent lower than the cross-section 
group. The select group, in the opinion of their deans and 
counselors, displayed a far more positive and enthusiastic 
attitude toward school. Here Is proof at last that vigorous 
physical activity is of all-round benefit to young people. 

9 The unconscious . . . has . , . ways ... of informing us of 
things which by all logic we could not possibly know. . . . 
I recall one time during World War II when I was returning 
home from Bollingen. , . . The moment the train started to 
move I was overpowered by the image of someone drowning. 
This was a memory of an accident that had happened while 
I was on military service. ... I got out at Erlenbach and 
walked home. . . . Adrian, then the youngest of the boys, had 
fallen into the water at the boathouse. It is quite deep there, 
and since he could not really swim he had almost drowned. . . . 
This had taken place at exactly the time I had been assailed 
by that memory in the train. The unconscious had given 
me a hint. carl g. jung, Memories, Dreams, Ee flections 

KT7MEBICAL PEOBAEILITIBS 

We have been using the word "probability” in the sense that has 
to do with inductive arguments, identifying the degree of proba- 
bility with the degree to which it is reasonable to believe the con- 
clusion on the basis of the evidence. Probability is always a rela- 
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tive matter, in that it mahes sense to call a conjecture probable 
only relative to some evidence, never just in and of itself ; a con- 
jecture, whether true or false, may have a high degree of proba- 
bility relative to one body of evidence and a low degree of 
probability relative to some other body of evidence. 

Various symbols can be used to represent probability, hut we 
shall employ a pair of slanting strokes: We shall use strokes 

between two sentences to form an expression that names the 
probability of the first sentence relative to the second. Thus, if 
we let ‘‘S” be one sentence and “E” another, we write “M^E ' 
as a name for the probability of the former relative to the latter, 
that is, the degree to which it would be reasonable to believe the 
former if the latter were the evidence one had. According to this 
conception, if there were cases in which completely reasonable men 
could difiier in their judgments about the credibility of a conclusion 
on the basis of given evidence, in those cases we could not speak of 
the probability. For simple normal cases, however, it seems safe 
to assume that men could not disagree without being unreason- 
able. 

In the expression "E//B", "B” is the hypothesis (the con- 
clusion) whose probability we are weighing, and "E" is the evi- 
dence (the premise, or conjunction of premises) upon which the 
probability is based. If we let “H» represent the sentence "All 
swans are white”, “K'” represent "The next swan we meet will be 
white”, and "E” sj-mbolize our evidence regarding swans that we 
have observed to be white, then we can write 


S'^E > H//E 

That is, the probability that the next swan will be white is greater 
than is the prohohility that aU swans are white, relative to our 
ei-idence. Here we make a comparison between two degrees of 
probability, although we have not assigned a definite numerical 

value to either. , - .1 

One small resem-ation is necessary. Vc shall speak 



242 


!rbo Elements of Logic 


probability of a hypothesis sentence relative to the evidence sen- 
tence only where the evidence sentence is not a contradiction. 
Where represents a contradiction, other sentences cannot 
have any sort of probability, high or low, relative to it, as we are 
interested in considering the probabilities of hypotheses relative 
only to evidence that might possibly be true. To put it another 
way, when an inductive argument is found to have inconsistent 
premises, we must reject the argument completely; there is no 
point in thinking that the conclusion possesses any sort of proba- 
bility, high or low, relative to inconsistent premises. 

There is a maximum possible degree of probability. Knowing 
that a sentence is true occasionally puts one in a position of being 
so certain of another sentence that no new observations could 
increase one’s certainty. Then the probability of the second 
sentence relative to the first has the maximum possible value. This 
happens when (and only when) the first sentence deductively 
implies the second. For instance, the probability of “Some white 
things are swans” relative to the evidence “Some swans are white” 
has this maximum value. It is conventional to correlate the 
number 1 with this maximum degree of probability. Writing 
for the first sentence and “iS” for the second, we have 

WfS-l 

There is also a minimum possible degree of probability. 
Knowing that “Some swans are white” is true, one is in a position 
to assign the minimum degree of belief to the sentence “All swans 
are black” (“B” for short) ; that is, no additional evidence should 
further diminish one's belief in hypothesis “B”, for the degree to 
which it is reasonable to believe "B” has hit rock bottom It is 
conventional to correlate the number zero with this minimum 
degree of probability. Thus we say 


5/5 = 0 
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This minimum degree of probability arises when (and only when) 
the hypothesis is contradicted by the evidence. 

All other degrees of probability fall between these two 
extremes. Degrees of probability falling between these extremes 
sometimes are comparable with one another and sometimes are not. 


"We can say that, relative to the historical evidence we now pos- 
sess, it is more probable that there was such a man as Plato than 
that there was such a man as Homer, and it is more probable that 
there was such a man as George Washington than that there was 
such a man as Plato. But it does not make sense to ask for an 
exact measure of how much more probable one of these hypotheses 
is than another. Moreover, suppose someone asks whether, relative 
to present evidence, the hypothesis that there was such a man as 
Homer is more or less probable than is the hypothesis that there is 
no life on Mars. We cannot answer, because there is no answer. 
The two hypotheses are very different, and there is no basis upon 
which to compare their degrees of probability. 

If there is no reason for calling one probability greater than 
another, we cannot maintain that they must be equal for that 
view would lead to absurdities. For instance, it would lead us to 
say that the probability that there was such a man as Homer 
equal to the probability that there is no life on ^ars (since we 
have no reason for calling one probabiUty greater than the other) , 
it would also lead us to say that the probabili y a 
such a man as George Washington is equal to the 
there is no life on Mars (sinee again we have no 
one probability greater than the other). This 
the probability that Homer existed^aals the P—ty^^^ 

Washington existed ; yet these pro always, possible to 

we must conclude that it is sometimes, but not alwajs, p 

compare degrees of probability of th^ however, we 

In certain special but important u ^ 

not only can compare probabiUties; we can compare them 
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that numbers between 0 and 1 can be assigned to represent their 
degrees. Use of numbers means that every numerical probability 
is comparable with every other (either greater, smaller, or equal). 
Also, we can go further and introduce arithmetical operations 
such as addition and subtraction. In what sort of situation may 
numbers be used to measure probabilities 7 The most straight- 
forward kind of cases in which this is possible are ones like those 
involved in some gambling games, where the events in w hich we are 
interested can be analyzed into certain fundamental possibilities 
that are equally reasonable to expect. 

Consider the rolling of dice. If someone shows us a pair of 
dice and we have no positive reason for thinking them irregular, 
the reasonable thing to suppose is that these dice, when rolled, will 
behave generally as do most other dice That is, we believe that the 
various faces of each die will come up just about equally often in 
the long run, although their sequence will be unpredictable, and 
that there will be no detectable correlation, in the long run, 
between the sequence in which faces come up on one die and on the 
other. 

Granting this, what is reasonable to expect regarding the 
outcome of the next roll of these two dice ? It is certain that on 
the next roll each die must show one and only one of its six faces. 
(Otherwise a genuine roll would not have been achieved.) We 
have for each die six mutually exclusive and exhaustive alterna- 
tives, which are equally reasonable to expect ; therefore, each of 
these outcomes must be assigned a probability of Then what is 
the probability of getting, say, a total of seven with the two dice ? 
Here we must reason as follows : With two dice, each of which can 
land in just one of six equally probable ways, there are thirty- 
six equally probable outcomes. We write “1—1” to represent the 
first die landing with one dot up and the second die landing with 
one dot up, etc. Of these outcomes there are six (underlined in the 
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list) that yield the result in which we are interested, that is, 
showing a total of seven dots. 


1-1 

1-2 

1-3 

1-4 

1-5 

1-6 

2-1 

2-2 

2-3 

2-4 

2-5 

2-6 

3-1 

3-2 

3-3 

3-4 

3-5 

3-6 

4-1 

4-2 

4-3 

4-4 

4-5 

4-6 

5-1 

6-2 

5-3 

5-4 

5-5 

5-6 

6-1 

6-2 

6-3 

6-4 

6-5 

6-6 


Thus the probability of rolling seven equals 6 divided by 36, or 
Here we are following the general principle that the numerical 
probability of a result is equal to the number of outcomes favorable 
to that result divided by the total number of possible outcomes. 
This principle makes sense only when we use an exhaustive list of 
mutually exclusive and equally probable outcomes, but it is one 
way in which we can assign numerical values to some probabilities. 

Once we have obtained some numerical probabilities, we can 
make use of certain elementary laws for deriving further numerical 
probabilities from ones already known. First there is the law 
relating the probability of a sentence to the probability of its 
negation. 

LAW OF NEGATION 

-p/^a = 1 —v//fi 

The probability of the negation of a sentence, relative to given 
evidence, is equal to 1 minus the probability of the sentence itself 
relative to that same evidence. Notice here that the short dash 
symbolizes negation — only a sentence can have a negation, a 
number cannot— while the long dash is the subtraction sign— only 
numbers can he subtracted from one another, not sentences. The 
strokes are our probability sign, which must not be confused with 
a division sign, for only sentences are probable relative to one 
another, and only numbers can be divided by one another. 
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Let us apply this law of negation to the case of rolling dice. 
■What is the prohahility of not rolling seven on the next roll of tte 
two dice? This must be 1 minus % (the probability of rolling 
seven) , that is, %. We can see the correctness of this answer if we 
look at the list and count the number of ways in which the two dice 
could fall so as to yield a total different from seven. There are 30 
out of 36, and so the probability is indeed %. 

Another law is designed for calculating the prohahility of a 
conjunction. 

LAW OF CONJUNCTION 
p&q/r = p/r X q/r&p 

This law tells us that the probability relative to given evidence that 
two things both will come true equals the probability of the first 
multiplied by the probability of the second when we assume that 
the first is true. What is the probability that on the nest roll of 
the dice we will obtain a total greater than four and less than 
seven 1 Using the law of conjunction, we reason as follows ; The 
probability of getting a total greater than four and less than seven 
equals the probability of getting a total greater than four (30 
divided by 36, since 30 possible outcomes are favorable out of the 
total of 36) multiplied by the probability of getting a total less 
than seven, on the assumption that our total is greater than four (9 
divided by 30, since there are 30 possibilities where the total is 
greater than four ; of these, 9 are favorable to its being less than 
seven). Thus we have X %o = %e = 
total list of possible outcomes (Table 1), we see that the law of 
conjunction has given us the correct result. Table 1 is drawn up to 
indicate how the law of conjunction has led us to the proper answer 
in this case. 

We can apply the law of conjunction in a simpler way in cases 
where the happenings that concern us are independent ; that is, 
where the probability of q is unaltered by the assumption that p is 
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true. Suppose ive want to calculate the probability of getting 
heads on the first toss of a coin and getting heads also on the second 
toss. Here we must multiply the probability of getting heads on 
the first toss (which is 1 / 2 , when there is no reason to think the com 
abnormal) times the probability of getting heads on fte second toss 
(which is again Va) . The probability is simply Va times /a, ov A, 
because here the two events are independent in the sense that what 
happens on the first toss does not alter the probability of getting 


Table 1 

1-1, 1-2, 1-3, 2-1, 2-2, 3-1 


Possible 
outcomes, 
throwing 
two dice 
once (36) 


Outcomes 
with more 
than four 
dots up (30) 


Outcomes with 
less than 
seven but more 
than four dots 
up (0) 


[ 1-4, 1-5, 2-3, 2-4, 3-2, 
"I 3-3, 4-1, 4-2, 6-1 


1-6, 2-6, 2-6, 3-4, a-5, 3-6, 4-3, 

4- 4, 4-5, 4-6, 5-2, 5-3, 6-4, 6-6, 

5- e, 6-1, 6-2, 6-3, 6-4, 6-5, 6-6 


heads on the second toss, 
in this way, we can use 


Where the happenings are independent 
the law of conjunction in the simple 


form 

P&l//r = p/’- ealeulating the probahiUty of 

a disrn“r;^^ 

things will come true. 


T.Aw or nsjuNcnoN 

pvg/r = of a (nonexclusive) dis- 

This law tells us that the pr probabilities of its 

junction equals the sum of the sepa 
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components, minus the probability of their conjunction. For 
instance, with two dice, what is the probability that either both 
dice will read alike or that the total will be less than six ? The law 
tells us that this must equal the probability that both dice wdll read 
alike (6 divided by 36) , plus the probability that their total will be 
less than six (10 divided by 36), minus the probability that both 
dice will read alike and have a total less than six (2 divided by 36) . 
Thus the probability equals %g. We can confirm the correctness 
of this result by looking again at the complete list of outcomes 
(Table 2). 


Table 2 


Posstble outcomes, 
throwing two dice 
once (86) 


Outcomes when both 
dice read altke (6) 


Outcomes wtth less i 1-2, 1-3, 1-4. 2-1, 
than stx dots up (10) 2-3, 3-1, 3-2, 4-1 


f 3-3, 4-4, 5-6, 6-6 

I r 1-1, 2-2 


1-5, 1-6, 2-4, 2-5, 2-6, 3-4, 3-5, 3-6, 

4- 2, 4-3, 4-5, 4-6, 5-1, 5-2, 5-3, 5-4, 

5- 6, 6-1, 6-2, 6-3, 6-4, 6-5 


We can calculate the probability of a disjunction in a simpler 
way if the components cannot both be true. What is the prob- 
ability that a single die will land with five dots up or with six dots 
up on a single throw ? Here the probability is % plus minus 
zero. We subtract nothing, since the die cannot show two different 
faces on a single throw. Thus, in cases where the outcomes are 
mutually exclusive, we merely add the separate probabilities in 
order to get the probability of the disjunction. 

One of the practical uses of these rules for calculating 
probabilities is deciding whether a gamble is a reasonable one. 
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Suppose that someone invites you to draw two cards from a 
well-shufBed bridge deck, the first card to be returned and the deck 
reshuffled before the second card is drawn. He bets you even 
money that you will not get a spade on either drawing. Would it 
be reasonable to accept sueli a bet? 

In order to answer, we must calculate your probability of 
winning. To win, you must draw a spade either on the first trial or 
on the second trial. There are thirteen spades in the deck of 


fifty-two cards, and so your probability of succeeding on the first 
draw is i% 2 , or % ; your probability of succeeding on the second 
draw is the same. But to obtain the probability of your succeeding 
the first time or the second time, we cannot simply add these two 
fractions and call that the answer. (According to that fallacious 
procedure of reckoning, it would be absolutely certain that you 
would succeed at least once in four drawings— an absurd result.) 
By the law of alternation, we must add the two probabilities an 
then subtract the probabiUty of succeeding both times, which, 
according to the law of conjunction, is X 
the probability of winning the bet is i/4 plus V-i “U"!® Vic, or Ae- 
Your opponent’s probability of winning, according to the aw of 
negation, is 1 minus Ke, or 91o. He has a greater probability of 
winning than yon have, and if the odds are even money it would 
normally he foolish to accept such a bet. „ 

If your opponent offers better odds in your favor, it may no 

longer be unreasonable to accept tlm 

.7,yo„r prohahUity — of "losing (»/.) 

d ‘;r aToir:-- L 10 ^ CI,. ^.^resuu of 
multiplying a prohahiii^ hy^n amount of gj^or 
mathcmaUcal expectation, wesay 

’Gain and loss should ro'haps bo SO^vould msrtlj- 

benefit or bans), not just la toriaa o rvould drire one into bnalt- 

inako ono a llttlo less poor, vbilo l»s*“E ' prater than the 

mptey, then the expeetalion of loa, on lie net 
crpeetatlon of coin, thoach not la dollar t 
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the mathematical expectation of gain is equal to the mathematical 
expectation of loss for each gambler. For it to he reasonable to 
accept a bet, the mathematical expectation of gain should be at 
least as great as the mathematical expectation of loss. 

Now, to say, for instance, that the probability is Yo that a pair 
of dice -will land with a total of seven spots up does not mean 
that we can definitely expect this outcome to occur once in every 
six rolls of the dice. Far from it; there is only a moderate 
probability that this will occur exactly once in a given sequence of 
six throws. And the probability is very low indeed that in a long 
series of throws every sixth one will yield this particular outcome. 
"What we can say, however, is that it is highly probable that in the 
long run just about one-sixth of the outcomes will yield a total of 
seven spots up. The larger the number of throws, the higher is the 
probability that the fraction of them yielding the outcome seven 
will differ from by less than any specified percentage. The 
longer the run, the more probable it is that the relative frequency 
with which an outcome occurs will closely approximate the 
probability of that outcome. This principle, which is sometimes 
referred to as the late of large numbers, or the law of averages, is 
fundamental to statistical inference. 

The mathematical notion of limit is needed for a more exact 
formulation of this principle. Ijct z be the probability of a certain 
outcome (%uch as getting a total of seven in rolling two dice). Let g 
he the number of trials (the number of times the dice are rolled). Let 
« be the fraction of these trials in which that certain outcome occurs. 
And let to be an arhitranly chosen percentage (such as 1 per cent, 0 01 
per Cent, etc.). Then the principle is that, for each choice of w, the 
probability that the absolute value of the difference between z and x 
will be less than to increases toward 1 as limit, as y increases without 
hound. 

Misunderstandiug of this principle leads to a common and 
insidious fallacy, the Monte Carlo fallacy. Suppose that a man is 
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playing roulette, and he notices that a certain number has not come 
up for a long time. He reasons that, because this number has not 
come up for a long time, there is an increased probability that it 
■^rill come up on the next spin of the ■wheel. Or a man is rolling 
dice, and he notices that seven has not been thrown as often lately 
as 'Was to have been expected; he therefore decides to accept at 
odds of less than 5 to 1 a bet that seven will be thrown on the 
next roll of the two dice. In both these cases a fallacy is being 
committed. Both these men are contused in their thinking and are 
laying their bets foolishly. The law of large numbers does not tell 
us anything about the probability of what will happen on the next 
throw; it tells us only about a long-run probability. 

It is a complete mistake to think that in this kind of Mse the 
relative infrequency of an outcome in the past makes it more 
probable that it will occur in the future. This kind of thinking 
runs directly contrary to the whole basic idea of induetivo 
reasoning i the idea that we should expect for the future the same 
sort of thing that we have observed in the past. Those who commit 
the Monte Carlo fallacy make the mistake of expecting for the 
future the opposite of what they have observed in the past, because 
of their misvmderstanding of the meaning of the principle abou 


long-run probabilities. ^ on. 

The Monte Carlo fallacy perhaps is best classiBed as a fa lacy 
of ambiguity. The argner assumes that “It is improbable that a 
certain number will fail to come up in n trials” means Eelative to 
the evidence that the wheel has spun « -1 times, without stopping 
on that number, it is probable that it will stop there ' 

Whereas in faet what the sentence means is Relative to o 
general evidence about roulette wheels, it is ,r 

Wheel will spin a times without ever stopping on that number . 
Confusion between these two meanings engenders the y. 
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Exercise 28 

Use the lam of prohahiUty to solve the following problems. 

1 On the basis o£ his past performance, the odds are 2 to 1 
(that is, 2 out of 3) that Clovis will pass mathematics, 3 to 2 
that he will not pass physics, but 3 to 2 that he will pass 
physics if he passes mathematics. Wlmt is the probability 
that he will pass both courses T 

2 A coin is to be tossed twice. "Wliat is the probability of 
getting tails on both tosses ? 

3 A coin is to be tossed three times. Wliat is the probability 
of getting heads on all three tosses? At what odds would it 
be reasonable to bet on this ? 

4 Three cards are to be drawn in succession from an ordinary 
bridge deck; a card will not be returned to the deck before the 
drawing of the next card. What is the probability that all 
three cards drawn will be hearts ? 

6 Suppose someone offers you 12 to 1 odds that you cannot get 
a six at least once in two throws of a die. Is it reasonable 
to accept this bet ? 

6 Clovis and Hugo are aboard a sinking ship; there is only 
one place left in the last lifeboat. Clovis happens to have 
a single die with him, and he makes this proposal : Hugo shall 
roll the die three times, and if he gets six at least once then the 
place in the lifeboat is his; otherwise it is Clovis’s Is this 
fair? 

7 On earth there are two sexes, male and female, which are 
equally numerous On Mars there are three sexes, alpha, beta, 
and gamma, which are equally numerous Which is more 
probable: that an earth parent who is going to have two 
children will have at least one male child or that a Martian 
parent who is going to have three children will have at least 
one alpha child? 
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Evaluate the following arguments. 

1 So far as tve know, there are just two possibilities : Either a 
Eepublican will win the nest election or he will not. There- 
fore, relative to the information we possess, the probability of 
a Republican winning equals 

2 The Smiths are going to have a child, and the probability is 
^2 that it will be a boy and ^ that it will be a girl. There- 
fore, the probability that the Smith’s nest child will be both 
a boy and a girl is % times or 34* 

3 Yesterday this slot machine paid off one time out of twenty , 
on an average. Since today IVe played it nineteen times with- 
out winning, I can be pretty confident of winning if I play 
just once more. 

4 The O’Briens have fifteen children, all of them girls. By the 
law of averages, this cannot go on. Therefore it is very prob- 
able that their nest will be a boy. 

5 The ABC airline has an outstanding safety record. They 
have not had a crash in four years of busy operations. But 
by the law of averages it is very uulikely that this can go on, 
and so they are probably due for some bad crashes soon. Ton 
had better not fly with them. 


EXPLANATORY HYPOTHESES 

So far. we have considered some special types of inductiTC 
arguments and the special considerations that hear upon their 
strength. But there is also a more general way of looking at 
inductive reasoning, a point of view that is often appropriate 
when we are evaluating the strength of induotive argumentaof 
various types. We may think of the conclusion of an_ inductive 
argument as a hypothesis, a conjecture about t»e empirical world, 
and we may think of the premises as data presen e in s pp 
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that hypothesis. From this point of view, it is possible for us to 
ask, Is this hypothesis a plausible explanation of the data? 
Asking this question can often help when we are trying to form a 
clear view of the strength of the inductive argument itself. An 
inductive argument establishes a high probability for its conclusion 
provided it is possible to regard the conclusion as a hypothesis 
supplying a reasonable explanation of the data contained in the 
premises. 

To go back to the example used in discussing inductive 
generalization, let us suppose that we have observed many white 
swans and never have observed a swan that is not white. How 
strongly does this evidence support the conclusion that all swans 
are white? Here it is helpful to adopt this new viewpoint and 
ask, How well does the hypothesis that all swans are white explain 
the fact that we have obtained these observations ? Our data make 
the generalization highly probable only if the generalization itself 
helps to provide the most probable explanation of why these were 
the data that we obtained. Are there other equally reasonable 
ways of explaining why it has happened that all the swans we have 
seen have been white’ Is it perhaps that we have looked only at 
American swans and have missed nonwhite swans in other coun- 
tries? Is it perhaps that we have looked at swans only in 
summertime and have missed nonwhite swans in other seasons? 
In ^any such case, the inductive argument is weak; if not, it is 
stronger. Asking ourselves whether the generalization provides 
the most reasonable explanation of the data is a good way of 
helping to evaluate the degree of probability that the data confer 
on the generalization. This general point of view can be helpful in 
connection with most types of inductive inference- 

When we adopt this point of view and ask about the reason- 
ableness of some explanatory hypothesis, we should bear in mind 
that for any set of data there always are many incompatible ways 
m which the data might conceivably he explained. Sometimes one 
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line o£ explanation is definitely very much better than all other 
conflicting lines of explanation. If the silver spoons are missing 
from their rack on the dining-room wall ; if the maid, who had left 
hastily, is arrested and found to have the spoons concealed in her 
ear ; and if she confesses to having stolen them, then, in the light of 
these data, by far the most reasonable explanation is that the maid 

stole the spoons, just as she says. We might well say. That s the 

only possible explanation", by which we would mean that this is 


the most probable explanation. 

Yet even here it is perfectly conceivable that the true expla- 
nation could be something different. Conceivably, there may have 
been an open window through which a crow, attracted by the 
glitter of the spoons, carried them off one by one and concealed 
them in the maid’s car ; she, having been disappointed in love, was 
in such a low state of mind when apprehended by the po ice a 
Bb,e readily confessed to the action of •which, they accused her. 
is a conceivable hypothesis, though a very improbable one. 
point is that always, if we use imagination, we can think o ^ ^ ^ 

tive explanations. We never are absolutely limited to a sing e y- 

pothesis, since there always are alternative conceivable explana- 
tions. We always are faced with choice, and we need to choose the 


most reasonable hypothesis. 

Various factors combine to make one 
more probable than another. These are not describable any 

sharp, precise way, but we can say 

Weare likely to think thattheextenttowhichitfisth^^^^^^^^^^^ 

contributes greatly to determining the probability “ “P 

tory hypothesis. If one rrel -Tprohahility of 

of the data than another does, this mere 

the former. Suppose ^ 

of the plated spoons are missing. i-nnw that the 

stole the spoons explains j,Xp„thesis that an 

plated spoons were of less value. 
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unknown crow stole the spoons docs not explain this. However, 
whether a hypothesis ‘fits the facts* is not n simple yes-or-no 
matter. Although the crow hypothesis docs not easily fit the fact 
that only the solid-silver spoons arc gone, still we could think of 
some auxiliary liypothc.sis which, when combined with the crow 
hypothesis, would provide a conceivable explanation of this trou- 
blesome fact. Perhaps there were two crows, both attracted by the 
shinincss of the spoons; the larger crow carried ofT all the spoons, 
and then the smaller crow, out of spite, brought back ns many 
spoons as it could but w'as not strong enough to lift the lieavier 
solid-silver spoons and so returned only the plated ones. This is a 
far-fetched yet not a totally impossible line of explanation. 

There is no limit to the lengths to which we can go in making 
any hypothesis ‘fit the facts*, if wc are imaginative enough in 
thinking of auxiliary bypothcscs. In the end, perhaps the best 
way of looking at the matter is this: Wc should not think that wc 
have to choose between one single hypothesis and another (e.g., the 
hypothesis that the maid stole the spoons versus the hypothesis 
that a crow did). Instead wc should think of the choice os lying 
between whole sets of hypotheses (the hypotheses that the maid 
stole the spoons just as she said and that crows had nothing to do 
with it versus the hypotheses that one crow stole the spoons and 
another brought back some of them, and the maid had a lover who 
disappointed her, etc.) . As we think over the total body of known 
data, we asli ourselves, Which set of hypotheses best explains these 
data? If one set of hypotheses stands out as giving a much more 
reasonable line of explanation than does any other set, then all the 
hypotheses of that set are probably true. 

When we compare sets of hypotheses with one another, it is 
helpful to invoke the notion of simplicity. Other things being 
equal, the simpler a set of hypotheses, the more probable it is as 
an explanation of the data. Although we cannot define this notion 
of simplicity in any rigorous manner, it can assist us in our 
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reflections. "Wlien we supplement the crow hypothesis with aux- 
iliary hypotheses so as to provide a consistent explanation of all 
the observed data, what mates this line of explanation less reason- 
able than the line o£ explanation employing the maid hypothesis! 
The decisive factor is that the maid hypothesis provides a simpler 


line of explanation. 

In various ways it is a simpler explanation. The explanation 
that makes the maid guilty is simpler because it does not require 
us to postulate the existence of any entities that have not been ob- 
served, whereas the line of explanation making the crow guilty re- 
quires us to postulate the existence of two crows and a lover, none 
of which we have observed. A set of hypotheses is simpler 
the fewer the entities, and also the fewer the kinds of entities, in 
which it requires us to believe. Moreover, a set of hypotheses is 
simpler and more probable if it attributes usual and direct 
operations to phenomena, rather than elaborate and unusual ones. 
In this respect too, the crow hypotheses are poor, for they require 
us to suppose that these crows have carried out a very elaborate 
operation, which would be very unusual indeed in terms of what 
we know of crows from our past experieuce with them and wit 


similar birds. , .. 

Occasionally incomsUncy creeps into an explanation. If 
there is an inconsistency in the way it treats the facts, an exp la- 
nation cannot have much probability. To take 
some people have been puzzled at the paintings of BI ^ 

human flgureshepainted seem strangely distorted, unnaturaytaU 

and thin. Suppose that someone tries to explain ns 
of his painting by means of the hypothesis that El Greeo su^ 
from astigmatism, which made him see things m ‘h’s atr^Se y 
torted manner; and as he saw them, so he pain e jly 

This explanation may sound plausible at firs ; 
unacceptable as it stands, for it deals inconsistently 
If El Leco had bad eyes that made him see everything 
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distorted manner, tliis defect would have been operative not 
merely when he looked at his models but also when he looked at his 
canvases. Thus a distorted figure drawn on his canvas cannot 
have looked the same to him as did his model. This attempted 
explanation fails to explain ; the hypothesis that El Greco had bad 
eyes could conceivably be true, but it is not supported by the mere 
fact that he painted in this distorted way. (One could supplement 
it with the auxiliary hypothesis that he wore corrective glasses 
when and only when he looked at his canvases ; but then we do not 
have a simple set of explanatory hypotheses.) 

A still more extreme inconsistency occurs if the explanatory 
hypothesis employs a self-contradictory notion. The spoons having 
disappeared, suppose someone suggests the hypothesis that pixies 
have carried them off. We point out that no one has seen any 
pixies, or heard them, or felt or smelled or tasted them. No one has 
experienced pixies in any way, even though sometimes people have 
looked for them rather diligently. This person replies, “Well, I 
think it was invisible pixies that carried away the spoons These 
pixies cannot ever be heard or touched or smelled or tasted j not 
with the unaided senses, nor with scientific instruments either. 
But I believe they’re there, all the same, even though we cannot 
detect them. Science never will be able to demonstrate their pres- 
ence, but it cannot prove that they aren’t there”. 

This hypothesis is a queer one. It is ad\ anced as though it 
were a hypothesis that made sense, that is true rather than false 
but that never could conceivably be verified or refuted. The 
difficulty here is that we are invited to suppose that there are little 
manlike creatures which are invisible, intangible, and in every 
way absolutely undetectable Th^ hypothesis employs a self- 
contradictory notion To say that something is really there is to 
say that it could conceivably be detected. The notion of a pixie 
which is there but absolutely undetectable is inconsistent. The 
hypothesis that there are absolntely undetectable pixies is neces- 
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sarily false, as much so as is the hypothesis that there are married 
bachelors. 

We have mentioned some of the factors that determine the 
degree of probability of an explanatory hypothesis. However, 
when we ask how good an explanation is, this comprehends more 
than just its probability. Probability is one component that helps 
to make an explanation good, but it is not the only one. Another 
component is the power of the explanation to illuminate the 
phenomena for which it aims to account. We commonly seek an 
explanation for a phenomenon because the phenomenon is strange, 
out of the ordinary, different from what was to have been expected 
or, at any rate, isolated, its connections with other phenomena 
unknown. We ask “Why are the silver spoons missing?”, for this 
is unexpected when in the past they have always been in their rack. 
We ask "Why does soda fizz?" because this seems strange when 
most liquids do not, and soda does so only when the bottle is 
opened. We ask "Why do the planets move in elliptical orbits? 
because this fact seems anomalous and isolated, when we do not 


grasp its relation to other facts. 

In answering this sort of question, the explanation tries to 
remove the strangeness, the anomaly, the puzzle by showing how 
the thing being explained harmonizes with other known and con- 
jectured facts. We explain the action of soda water by pointing 
out that it contains carbon dioxide under pressure, which must 
escape when the bottle is opened. (This explanation gives he 
cause.) Newton explained why the orbits of the ptoets are ellip- 
tical by showing how this is a special case of the 
gravitational way in which all bodies everywhere 
move. (This is not a causal explanation but is 
that.) The point here is that a good explanation not onl, must b 
proble, in the light of the data; it also ^ ^ 

iuaniUuminatingwayth.h..n.ogr.^^^^^^^^^ 

Other facts. Wc can see that tiiere 
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ability and explanatory force if we remember the old example 
(from Moliere) of someone asking "Why does opium cause sleep ? 
and receiving the answer "Because of its soporific power". Ilere 
the explanation merely redescribes the data in a totally unillu- 
minating manner. It is certain that opium possesses ‘soporific 
power’, but that does not provide a good explanation. 

With regard to Newton and gravitation, sometimes we speak of 
gravitation as ‘causing’ objects to fall, and so on. But gravitation 
is not the cause of falling in the sense in vhich, say, germs are the 
cause of malaria. The germs are entities distinct from the pathological 
results they produce; it would not be senseless to speak of germs without 
malaria or of malaria without germs. But gravitation is not some addi- 
tional entity, over and above moving bodies; to talk about gravitation 
is to talk about how bodies move. 

Thinking of work like Newton’s, people sometimes say, “Science 
doesn’t tell us why things happen, only how they happen; it doesn’t 
really explain, it only describes". This remark reflects a misunder- ^ 
standing of the nature of explanation, for describing and explaining are 
not entirely distinct activities. 

Exercise 29 

In each of the following cases, what is the phenomenon being 
explained and what is the explanation given of itT If 2 /^w 
think an explanatory hypothesis false, indicate what evidence 
you possess that counts against it. Was it improbable at the 
time it was offered? 

1 Boy 1 Lucius ! Fast asleep t it is no matter ; 

Enjoy the heavy honey-dew of slumber : 

Thou hast no figures nor no fantasia 
Which busy care draws in the brains of men ; 

Therefore thou sleep’st so sound. Shakespeare, Julius Caesar 

2 Among the noteworthy actions of Hannibal is numbered this, 
that although he had an enormous army, composed of men of 
all nations and fighting in foreign countries, there never arose 
any dissension either among them or against the prince, either 



Inductive Keasoning 


261 


in good fortune or in bad. This could not be due to anything 
but his inhuman cruelty, whieh together with his infinite other 
virtues, made him always venerated and terrible in the sight 
of his soldiers, and without it his other virtues would not 
have sufficed to produce that effect. 

MACHUVELLI, The Prince 


3 


4 


6 


Soon as the untroubled sleep of death has gotten hold of a man 
and the nature of the mind and soul has withdrawn, you can 
perceive then no diminution of the entire body either in 
appearance or weight. . . . Therefore the whole soul must 
consist of very small seeds and be inwoven through the veins 
and flesh and sinews; inasmuch as, after it has all withdrawn 
from the body, the exterior contour of the limbs preserves 
itself entire and not a tittle of the weight is lost. Just in the 
same way when the flavor of wine is gone or when the delieious 
aroma of a perfume has been dispersed into the air or when 
the savor has left some body, yet the thing itself does not there- 
fore look smaller to the eye, nor does aught seem to have been 
taken from the weight, because sure enough many minute seeds 
make up the savors. . . . i,vcRBrivs, On the Nature of Things 


An ordinary scientific law explains only some kinds of phe- 
nomena (the laws of physics explain some physical events, 
the laws of psychology explain some psychological events etc.). 
But here is a law which is much better and which is of more 
profound significance, because it explains everything that hap- 
pens. The law is: Everything always acts in such a way as 

to realize its potentialities. Thus, stones fall because this 
realizes their potentiality for falling: fish swim because of 
their potentiality for swimming; and so on. This law gives the 
ultimate explanation which explains everything that happens. 

The love of the man sinks perceptibly from the moment it 

has obtained satisfaction; almost every other 

him more than the one he already possc^es; he lon^ for 

variety. The love of the woman, on the ot ^ a , 

just from that moment Thisjs a eonsequSice of the aim of 
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nature wMcli is directed to the maintenance, and therefore to 
the greatest possible increase, of the species. The man can 
easily beget over a hundred children a year; the Tvoman, on 
the contrary, -with however many men, can yet only bring one 
child a year into the world (leaving twin births out of ac- 
count). Therefore, the man always looks about after other 
women; the woman, again, sticks drmly to the one man; for 
nature moves her, instinctively and without reflection,^ to 
retain the nourisher and protector of the future offspring- 
scHOPENHAUER, Thc World as Will and Idea 

6 When we see that the three classes of modern society, the 
feudal aristocracy, the bourgeoisie and the proletariat, each 
have their special morality, we can only draw one conclusion, 
that men consciously or unconsciously, derive their moral ideas 
in the last resort from the practical relations on which their 
class position is based— from the economic relations in which 
they carry on production and exchange. 

ENGELS, Anti-DUhring 
7 As eminently religious men have in all ages been among the 
most cruel and oppressive ... so eminently philanthropic 
men . . . are apt to be . . . the most unsound in their views 
and the most reckless in their action. The explanation in 
each case is the same . . . both feeling themselves to he well- 
mounted — having a good aim in view and an unexceptionable 
steed beneath them — conceive that they have nothing to do but 
to throw the reins upon the neck of the animal, shut their eyes 
and ride as hard as they can ; — satisfied that the inherent 
excellence of the hobby they bestride will carry them over all 
obstacles ... an opposing principle is only a five-barred gate 
to be overleapt; an inconvenient fact is a thing to be shied at 
and rapidly passed by on the other side ; antagonistic rights 
are only hedges to be scrambled through, or foot passengers 
to be ridden down. . . . Persuaded of the goodness of their 
cause and the benevolence of their feelings, they care little 
how bad are their arguments or how doubtful are their facts. 

The Economist, 1862 
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8 Twenty million Americans smoke Wheeze, the cigarette whose 
popularity is fastest growing. There must be a reason. It 
must be because Wheeze cigarettes are so good for your throat. 


AM EXAMPLE: SMOKINO AND LDNO OANOEE 


During recent years public health authorities in W estern countries 
have notieed a great increase in the rate of deaths from lung 
cancer. At the beginning of the present century, only a tiny 
fraction of all deaths were caused by lung cancer; hy the 
mid-1960s (in the United States and some other Western countries 
for which records are available), a much larger percentage of 
deaths had been attributed to this disease.* How can we explain 
the change f What cause has been operating? 

The cause must be some factor, or factors, more strongly 
present now than in the past. (Here we think in terms of the 
method of concomitant variations.) Smoking of cigarettes has 
increased a great deal during the last few decades, but so have air 
pollution, nervous tension, the use of automobiles, and many other 
factors. So far as we can teU by a crude use of the method of 
concomitant variations, any one or any combination of these 
factors might perhaps be responsible for the increase in deaths 
from lung cancer. Many hypotheses seem possible : Perhaps the 

increased use of autos keeps people from walking and so weakras 
their lungs through lack of exercise; or perhaps air pollution 
harms the lungs of city dwellers by poisoning their air ; and so on. 
But the hypothesis that smoking is a major factor in the increase 
in deaths from lung cancer begins to seem more probable than some 
of the other hypotheses when we remember that cign^ttcs are 
known to contain nicotine, which is a poison. If the nicotine in 


‘Per iMtaacc, In 1930 in the Unitrf "Jonf 95 pcr‘'l00,000 

^ZZrin\Z-.nni^ m.e ba, bean rapid and .lead.r. 


I per year 
year by year. 
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two packs o£ cigarettes were chemically puriaed and injected into 
the bloodstream, the dose would be lethal. Perhaps lung cancer 
is some subtle form of nicotine poisoning. It seems plausible that 
a substance that can kill quickly when a large amount of it enters 
the bloodstream might also kill slowly when small amounts are 
steadily inhaled into the lungs. This is an argument by analogy, 
and it is far from conclusive; it merely adds a little to the 
probability of the hypothesis that the increase in smoking has 
caused the increase in deaths due to lung cancer. 

Another argument by analogy -which supports this same 
conclusion is based on the observed fact that, when tar extracted 
from cigarette smoke is smeared on the skins of mice, the mice 
contract skin cancer. This argument too is far from conclusive, 
for the skin of a mouse is rather different from the lungs of a 
manj still, the analogy adds more to the probability of the 
hypothesis. A further piece of reasoning by analogy is based on 
the fact that prolonged exposure to some kinds of irritants is 
known to be capable of producing cancer in men ; for instance, it 
was established in England in the eighteenth century that chimney 
sweeps, who used to have to crawl through the soot of narrow 
chimneys, got one kind of cancer much more often than other 
people did. If exposure to chimney soot can result in human 
cancer, then by analogy we may suspect that cigarette smoke can 
produce the same result. 

These arguments support the hypothesis that smoking is the 
main factor in lung cancer, but they are not sufficient to prove 
this; it is proper to speak of a proof when and only when the 
inductive probability becomes so strong that there is no longer 
room for reasonable doubt about the truth of the hypothesis. 
(There always remains room for conceivable doubt about it, but 
conceivable doubt is not always reasonable doubt.) 

Realizing that much more evidence was needed regarding the 
possible connection between smoking and lung cancer, medical 
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scientists in recent years have carried out dozens of studies. One 
of the most important of these was a study conducted by Dr. E. 
Cuyler Hammond, worldng under the auspices of the American 
Cancer Society.® Dr. Hammond and his associates began by 
interviewing American men between fifty and sixty-nine years of 
age, none of whom then had any serious illness, so far as was 
known. They found out where these men lived and what the smok- 
ing habits of each man were. Over a period of forty-four months 
they kept track of 187,783 men, of whom 11,870 died during that 
time. The cause of death was determined as accurately as pos- 
sible in each case. Of the deaths, 2,249 were due to cancer, and 
in these cases an especial effort was made to determine precisely 
what type of cancer caused the death. After collecting all these 
statistics, Dr. Hammond analyzed them and found some striking 
facts. Some of his findings are shown in the accompanying table. 


Amount of 
smoking 

Number 

of 

men 

Number 
who died 
of lung 
cancer 

Age^standardized 
lung-cancer death 
rate per 100,000 
men per year 

Never smoked 

52,392 

4 

3.4 

Less than one-half pack 

7,647 1 

13 ! 

51.4 

of cigarettes per day 




One-half to one pack of 

26,370 

50 

59.3 

cigarettes daily 




One to two packs of 

14,292 

1 60 

143.9 

cigarettes daily 




More than two packs 

3,100 

22 

217.3 

of cigarettes daily 





■a C. Hammond and D. Horn, wdHef 

the Amencan Medical Jssoeutiton, 166: 1169-1172, Ma . , 

1294-1308, Mar. 15, 1958. 
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This table does not list men who smoked eigars or pipes or 
nonsmobers who formerly had smoked cigarettes regularly, and . 
Usts only those deaths which were very definitely diagnosed 
caused by bronchogenic carcinoma, the principal type of lung 
cancer. The right-hand column in the table is calculated from the 
earlier ones but includes a correction to allow for the fact that the 
men of the different groups did not hove quite the same average 
ages (and younger men normally have a lower death rate rom 


lung cancer). ,. j u tit- 

This table shows that, for the group of men studied by u . 
Hammond, there was a very strong correlation, or concomitant 
variation, between the amount of cigarette smoking and the fre- 
quency of death from lung cancer. Do these observations entitle 
us to make an inductive generalization about the population at 
large i Or is it likely that these figures are unrepresentative and 
just reflect some accidental coincidence limited to this observed 


group of individuals! 

For example, is it possible that Dr. Hammond’s smokers lived 
in the cities, where they were subject to air pollution, while his 
nonsmokers lived in the country, where the air is clean! If this 


were so, it might he that the real correlation is between air 
pollution and cancer, rather than between smoking and cancer. 
But Dr. Hammond looked into this and found that for those 


of his men who lived in cities the death rate from lung cancer was 


just about the same as for those of them living in the country. 
(In another study, it was found that inhabitants of the Channel 
Islands, where the air is unpolluted, suffered lung cancer just as 
city dwellers do and that, of those who smoked more, more died of 
the disease.) Here, because the number of men who were observed 
was so large and because Dr. Hammond’s method of investigation 
was careful, there is an absolutely overwhelming probability that 
these figures were not produced by some accidental coincidence. 

"We definitely are entitled to make the inductive generalization 
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that probably, for the population at large, there is a strong cor- 
relation between smoking and lung cancer. If we seek to explain 
why Dr. Hammond got these results, by far the most probable 
hypothesis is that these results were representative of the popula- 
tion at large. This conclusion is strengthened still further when 
we notice that other large-scale studies made by other medical 
scientists all give results closely similar to Dr. Hammond’s. Dr. 
Hammond also found very ominous correlations between smoking 
and rates of death from other diseases, especially heart disease; 
but we shall confine our discussion to lung cancer. 

Let us return to the question whether the increase in cigarette 
smoking caused the increase in deaths from lung cancer. On the 
basis of data available in the mid-1960s, we know that cigarette 
smoking has been greatly on the increase during the last few 
decades, and we have strong evidence for the generalization that 
the more people smoke, the more they die from lung cancer. But 
we must not make the mistake of supposing that the presence of a 
correlation is sufficient to prove that there is a cause-and-effeet 
connection. So far, there are three possibilities which seem to 
remain open: (1) Perhaps the increase in smoking was the cause 
of the increase in lung cancer, either because smoking directly 
causes lung cancer or because smoking weakens people in some 
way so that they more easily fall prey to cancer; or (2) perhaps 
the increase in lung cancer in some way caused the increase in 
smoking, possibly because having cancer creates a craving for 
tobacco; or (3) perhaps there was some third factor, such as 
nervous tension, which tended to cause some people both ^^ 
and to contract lung cancer. "We numt weigh the p ausi i i y 


these three competing hypotheses. 

Hypothesis 2 can be dismissed almost at once, or we - 
that most smokers who died of lung cancer had smoked stcadi y 
many yearn; their smoldng habits became fised long before r 
contraLd ^he disease. There is no evidence that people who 
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contracted the disease increased their smoking thereafter. Thus it 
is very improbable that the disease caused the smoking. 

Hypothesis 3 deserves careful eonsideration. Nervous tension 
seems to be a very plausible ‘third factor’. One piece of evidence 
against this hypothesis is derived from study of what happened in 
Norway during 1940 to 1945. During those years the rate of death 
from lung cancer there showed a sharp reduction ; previously it 
had been rising, and after 1945 it rose again. During those 
wartime years of 1940 to 1945 Norway was suffering under Nazi 
occupation ; there must have been far more nervous tension than 
usual for the Norwegians. Cigarettes, however, were scarce. 
Here, by the method of difference, we argue against hypothesis 3 
and in favor of 1. Thus it seems quite improbable that hypothesis 
3, with nervous tension as the ‘third factor’, can be correct. 

Might there be some as yet wholly unknown ‘third factor 
which was responsible^ Does some obscxire hereditary tendency 
predispose some people both to smoke and to suffer lung cancer? 
Certainly this is logically possible, and at present there is no 
direct evidence against it. But there is no positive evidence 
whatsoever in its favor. It would be unreasonable to regard such a 
hypothesis as probable if a simpler and more direct explanation is 
available. 

Hypothesis 1 provides the simplest and most direct explana- 
tion. Hypothesis 1 also is supported by various kinds of further 
evidence in addition to the arguments by analogy already men- 
tioned. For one thing, it is known that pipe smokers sometimes get 
cancer of the lip, tongue, or mouth ; and it is likel}’ that in these 
cases the smoking is the cause of the cancer, for the disease affects 
those \ery parts that are exposed to the hot smoke. (Pipe smokers, 
like cigar smokers, do not suffer lung cancer nearly as often os 
cigarette smokers do ; this is easily explained by the fact that they 
do not inhale, whereas most cigarette smokers do so ) If pip® 
smoke causes cancer of the mouth, it is reasonable to suppose that 
cigarette smoke can cause cancer of the lungs. 



Inductive Seasoning 


269 


Another kind of evidence is derived from microscopic exami- 
nations of tissues from the lungs of persons who died from causes 
other than cancer. A great many such examinations have been 
made, and they reveal that in the lungs of heavy smokers there 
is general widespread scarring and thickening of the tissue, with 
the formation of spots in which the cells have begun to grow in 
the distorted manner characteristic of incipient cancer. The tis- 
sue of the lungs of persons who have been heavy smokers exhibits 
these modifications, which are not found in the lung tissue of non- 
smokers. The amount of scarring and thickening of tissue seems 
to he roughly proportional to the amount of smoking that the 
person has done. These observations strongly suggest that regu- 
lar exposure to tobacco smoke produces a gradual cumulative de- 
terioration of the lung tissue; in the lungs of some smokers this 
deterioration goes so far that it becomes lung cancer, but the 
deterioration is slow enough so that the majority of smokers die 
of other causes before this can kill them. It seems to be possible 
for an occasional nonsmoker to suffer lung cancer, perhaps caused 
by air pollution ; but it certainly looks as though smoking is over- 
whelmingly the most important factor in the incidence of the 


disease. 

It is all too easy for us unconsciously to allow onr wishes and 
personal preferences to influence our thinking about mduotiTe 
problems. People who enjoy smoking and who are not accustomed 
to disciplined thought find it easy to talk themselves out of 
accepting the unpleasant conclusion that smoking is the mam 
factor causing lung cancer. They say that we should wait for 
further evidence before forming an opinion, that we must not e 


hasty, that it is too early yet to tell, etc. 

But imagine that the hypothesis that housefl.^ pre^aec 
cancer were to have gained anywhere near os much evidence m . s 
favor as there now is in favor of the hypothes that smokmg 
does so. If that were to happen, these same people “ 

enthusia-stic about accepting the housefly h.vpot lesis ns 
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are relnotant to accept the smoking hypothesis. They would 
demand an immediate government erusade to exterminate the y. 
The difference is that everyone dislikes the housefly anyway an 
is glad to believe the worst about that insect, whereas people enjoy 
smoking and want to believe tbe best about it. One of the most 
important kinds of intellectual maturity is to have learned to rise 
above these emotional prejudices so that one can view evidence 
impartially, regardless of whether the conclusions toward which it 
points are pleasing or depressing. 

The hypothesis that cigarette smohing is the principal fac- 
tor in cansmg Inng cancer is now Tcry highly probable in light 
of the evidence. It has been highly probable ever since the late 
1950s. It still is logically possible that some surprising new 
information might come to light to show that cigarettes are not to 
blame after all; that is logically possible, but present evidence 
makes any such development highly improbable. We must always 
be prepared open mindedly to welcome any new developments that 
may overturn established hypotheses, for that is the scientific 
attitude ; yet we must not be reluctant to accord due weight to the 
evidence we now possess, for it is folly to refuse to draw a 
conclusion when strong evidence already is at hand. Has it 
been ‘proved’ that cigarettes are the main cause of lung cancer? 
The evidence is so strong that it constitutes a proof in the sense 
that there remains no room for reasonable doubt. But the 
evidence still falls far sliort of providing us with as complete 
a proof as we hope to get later, after more research has been done. 
There remains much still to be learned, especially about the 
biochemical processes by means of which the cause produces its 
effect * 

•For toller accounts of CTidcnce bearing on tbis problem, see the following. 
E Cuyler Hammond, "Smoking and Death Hates: A Hiddle in Cause an 
EfTect,” The American Seienttst, 46 (4): December, 1958. 

Smolxng ond Health, Report of the Royal College of Physicians, Pitman 
Publishing Corp., New York, 19G2. 
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Exercise 30 


Analyze the value of each of the following comments. 

1 The ■weakness of all these studies is that they consider only 
samples out of the population. "What are a mere 187,000 
EQen, compared with the hundreds of millions of men in the 
Western world? 


2 There is nothing alarming about these statistics concerning 
increased deaths from lung cancer. Yoti must expect more 
people to die of lung cancer nowadays, for the population is 
considerably larger than it used to be. 

3 Dr. Hammond did not include any women in his figures. His 
sample is not representative of the population at large as 
regards sex, so why should we expect it to be representative 
in any way ? 

4 Some of the other diseases, like cholera and typhoid, are under 
control now, and so people do .not die of them. Obviously, we 
bave to expect relatively more people to die of lung cancer. 
Therefore we need not accuse smoking of doing harm. 


6 Air pollution is much worse now than it used to be. In some 
cities like Los Angeles and London there are days when anyone 
breathing the air can taste how bitter it is from chemical 
pollution. And the pollutants are dangerous too ; we know 
that smog wilts vegetables and in strong concentration 
deaths. Air pollution, rather than smoking, may well be the 
cause of the increased deaths from lung cancer. 


6 No one has proved that there coidd not be some as yet unkno^ 
‘third factor’ which causes people to smoke more an a o 
causes them to suffer more lung caueer. This would mean that 


E. Cuylct nammoad, "The Effect, ot Smokioff 
July, 19G2. 

and Health, Report of tb© Adriaory 
General, U. S. Public Health Scrrice, 1961. 


,» Scientife American, 207: 
Committee to the Surgeon 
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smokiog and cancer are not cause and effect but are both 
effects of some unknown cause. It might be some hidden 
genetic factor. Here at the Tobacco Industry Research Insti- 
tute, we hold the view that something like this must be the 
explanation. 

7 Even if it is something about cigarettes that does cause lung 
cancer, I don’t believe it’s the tobacco that is to blame. The 
smoke from the cigarette paper may well be the cause. 

8 We should set up a committee of impartial scientists who would 
study all these data and come to a careful, scientific conclusion 
about whether cigarettes are harmful. Unfortunately, it is 
very hard now to find scientists who would be fit to serve on 
such a committee, because so many of them have already made 
up their minds one way or the other. We could not appoint 
anyone from the American Cancer Society or from the Surgeon 
General’s Advisory Committee, because both tliose groups are 
no longer impartial; they already have officially declared that 
they regard cigarettes as the principal cause of lung cancer. 



7 . Applications 


OHOOSINO THE EICUIT DBDCTOTIVli TECHNIQUE 
In our study of deductive reasoning we became acquainted with 
several methods for testing deductive arguments. There were 
Venn diagrams, the rules of the syllogism, truth tables, the 
method of quantiflcational deduction, and so on. If we are to make 
successful use of these methods in dealing with actual examples, it 
is important that we take care always to choose a suitable method 
for the problem at hand. If we are unwise in our choice of mettod, 
we may easily arrive at a misleading answer regarding the validity 
even of an argument correctly symbolised. Unwise choice of 
method would not lead us to regard an invalid argument as valid, 
but it might lead us to regard a valid argument as invalid. 

Each method is concerned with a suffloieni condition for de- 
ductive validity. Being valid according to a correctly constructed 
Venn diagram is sufficient to ensure that an argument is valid; 
being valid according to a correeUy constructed truth table is 
sufficient to ensure that an argument is vaUd; and so on. n 
57 .? 
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one teat gives a necessary coDdition. That it cannot be shoTsoi to 
be valid by a Venn diagram does not guarantee an argument to be 
invalid, since it may be valid for some quite different reason. That 
it cannot be sbovrn valid by a truth table does not guarantee an 
argument to be invalid, since it may be valid for some quite 
different reason ; and so on, But of course, if an argument has 
no reason for being ■valid other than its syllogistic form, then, if it 
cannot be shown to be valid by a Venn diagram, it is invalid. If an 
argument has no reason for being valid other than its truth- 
functional form, then, if it cannot he shown to be valid by a truth 
table, it is invalid, and so on. 
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Exercise 31 


Choose the wisest method to show whether each of the following 
deductive arguments is valid. 

1 Everyone who knows Belinda worships her. Some people do 
not worship Belinda. Therefore, some people do not know 
her. 


2 If I study hard, I shall earn a college degree. Either I get 
encouragement from my parents or I won’t get a college 
degree. Therefore, if I don’t get encouragement from my 
parents, I won’t study hard. 

3 Clovis dislikes anyone who likes Hugo. Everyone who likes 
Hugo likes Mavis. Hence Clovis dislikes everyone who likes 
Mavis. 


i 

6 

6 

7 

8 

9 


If we are not short of drinks, we shall have a party. ‘'Ve 
are not short both of food and drinks; in fact, we are short 
of food. Therefore, we shall have a party . 

There is an animal that eats every kind of food any bird 
eats. All vultures are birds. Hence there is an anima 
eats every food any vulture eats. 

■A^uything you can do I can do better. Tou can do cartwheels 
Therefore, I can do cartwheels better than you can. 

If the examination is hard and Clovis is sleepjt he 
iiot pass. But he is going to pass, and he is not sleepy. 
Therefore the examination will not be hard. 

Anyone who flies to Mars will have to have a safe 
Therefore, unless there are safe spaceships, no one 
to ilars. 




Either all farm commodities should be fr'iicro 

’'onoofthemshoniabe. Not aU of them should be. Tl. 

fore, none of them should he. 
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one test gives a necessary condition. That it cannot be shown to 
be valid by a Venn diagram does not guarantee an argument to be 
invalid, since it may be valid for some quite different reason. That 
it cannot be shown valid by a truth table does not guarantee an 
argument to be invalid, since it may be valid for some quite 
different reason ; and so on. Bat of course, if an argument has 
no reason for being valid other than its syllogistic form, then, if it 
cannot be shown to be valid by a Venn diagram, it is invalid. If an 
argument has no reason for being valid other than its truth- 
functional form, then, if it cannot he shown to be valid by a truth 
table, it is invalid, and so on. 

Tbe method of quantidcational deduction studied in Chapter 
4, including as it does the laws of truth-functional deduction, is a 
method powerful enough to show the validity of all valid deductive 
arguments of all the main types that we have studied (except the 
identity arguments mentioned in the section on fallacies of 
ambiguity in Chapter 5). However, it generally is wisest on each 
occasion to employ the most elementary method that will apply 
efficiently to the example By so doing, we usually reduce the 
work for ourselves and thereby minimize the chance of error. 
Jiloreover, unlike the method of quantificational deduction, the 
more elementary methods of Venn diagrams, the rules of the 
syllogism, and truth tables, where they are applicable, can pro- 
vide negative demonstrations of the invalidity of invalid argu- 
ments Thus, whenever a more elementary method such as that 
of Venn diagrams can conveniently be applied, it is usually wise 
to employ it rather than the more complicated method of quanti- 
ficational deduction. 

In the same spirit, when symbolizing an argument, it generally 
is wise to employ the fewest letters that can suffice to exhibit the 
relevant logical structure of the reasoning. It is not advisable to 
use more letters than are absolutely needed, for that again in- 
creases both the amount of work involved and the risk of error. 
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lawyer”. Instead, we should realize that there is an unstated prem- 
ise, “All persons who belong to the Bar Association are lawyers ; 
this is a piece of common knowledge and does not need to be 
stated outright. When we notice the unstated premise, we see 
that the reasoning is logical. 

However, not all seemingly invalid deductive arguments de- 
serve to he regarded as enthymemes. For 
in a political controversy we encounter the argumen 
are socialists, and so all socialists must be Marxists . It would be 
foolish to regard this argument as an enthymeme havmg the 
unstated premise “If all Marxists are socialists then a 
are MarxL”. To regard the argument in that 

think of it as committing a fallacy of begging t '=‘1"'® argument 

an actual political controversy the conclusion ^ ^ 
could not be less doubtful than is this ’ a 

the original argument does not really beg the gue^ on , • - a n 

.gait, instead The 

t^^MreruttonS:.^ 

but has a question-begging aueh premises as 

Ordinarily, an arguer cannot blame 

he thinlis are perfectly obvious unstated some of 

someone who constructs an argument or aom- 

his premises; if the — 

mon knowledge, he is perfeo y J ^ his argu- 

blame, however, if the unstatc pr worse is the 

ment depends are dubious and ^ common knowledge 

mistake of eareless thinkers w lo = people but 

things that not only are not ” ajly conscientious arguer 

are not true at all. It is the u r luteners are likely to 

to make explicit all premises presenting liis 

want to challenge. If he fails to do this, 

argument perfectlj' canditllj . 
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10 If all citizens can Tote, then some imprisoned criminals can 
vote. But no imprisoned criminals can vote. Therefore, 
some citizens cannot vote. 


THE ENTHYMEMB 

In ordinary discourse a person often presents a deductive argu- 
ment without bothering to make explicit what all his premises are. 
Sometimes he has a premise fairly definitely in mind but does not 
bother to state it because it is common knowledge, too obvious to be 
worth mentioning. An argument is called an enthymeme if one 
or more of its premises are unstated. Originally the term ‘ en- 
thymeme” was restricted to syllogisms. Nowadays the term is 
extended to deductive arguments of any type having unstated 
premises. We might also call a deductive argument an enthymeme 
when its conclusion is clearly indicated but without being put into 
vNords. There is little point in extending the term "enthymeme” 
still further to cover inductive arguments, since if we did so (in 
light of the first section of Chapter 6) we would never have any 
inductive arguments that we could be sure were not enthymemes. 

When we meet a deductive argument whose conclusion does 
not validly follow from the stated premises alone, we must consider 
whether there is some unstated premise that is being taken for 
granted by the arguer. If so, we should try to state this premise 
explicitly so that we can see in full the logical structure of the 
argument, to tell whether it is valid. Naturally, it is not easy to be 
certain what unstated premises a person may have in the back of 
his mind, but we simply do our best to judge wbat the arguer is 
thinking. For instance, if someone says, "Robinson must be a 
lawyer, for he belongs to the Bar Association”, his argument is an 
enthymeme. We should not reject his argument as bad reasoning 
just because the premise "Robinson belongs to the Bar Association 
does not by itself logically imply the conclusion "Robinson is a 
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any tiling ■wliich we have not antecedently felt, either by our 
external or internal senses. ... To be fully acquainted, there- 
fore, with the idea of power or necessary connexion, let us 
examine its impression. 

HUME, Enquiry Concerning Human TJnderstandmg 


5 


6 


The God of Israel was impiously represented by the Gnostics 
as a being liable to passion and to error, capricious in his 
favour, implacable in his resentment, meanly jealous of his 
superstitious worship, and confining his partial providence to 
a single people and to this transitory life. In such a character 
they could discover none of the features of the wise an 

nipotent Father of the universe. 

GIBBON, Decline and Fall of the Soman Empire 


[f you begin to teach the opinions of other people before 

you teach how to judge of their worth, of one ^ 

be sure, your pupil will adopt those opimons 

may do, and you 'will not succeed in uproo 

therefore convinced that to make a young 

you must form his judgment rather than 


No child under the age of fifteen should 
in subjects which 

such as philosophy, religion or y 

where it is necessary to take 1 g > 

notions imbibed early cm to „ri’ve atmaturity. 

intellectual faculties, Education” 

”F„r my faith,” he * ^^^rh" 

then alas! sinking in glory behin children.” 

still lives in the heavens Conquest of I’e’”' 
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"What is ‘common knowledge’! By saying that an arguer is 
entitled to leave unstated such premises as belong to common 
knowledge, we mean that these unstated premises should be truths 
known to practically all persons of the type for whom the 
argument is intended. Naturally, the standards are different for 
arguments directed to different groups of hearers; some things 
that could reasonably be left unstated in an argument addressed to 
scientists would need to be stated explicitly in an argument 
addressed to laymen ; some things that one would reasonably leave 
unstated in an argument addressed to adults would need to be 
given explicitly in an argument addressed to children ; and so on. 


Exercise 32 

Which of the follovnng arguments are enihyrnemest 
ample 5 is not itself an argument, hut it describes one.) What 
are the suppressed premises in each casef Are they premises 
that it is reasonable to leave unstated f 

1 Accustom thyself to believe that death is nothing to us, for 

good and evil imply sentience, and death is the privation of all 
sentience. epicurus 

2 Death is nothing terrible, else it would have appeared so to 

Socrates. epictetus 

3 We reject all merely probable knowledge and make it a rule 
to trust only what is completely known and incapable of being 
doubted. . . . But if we adhere closely to this rule we shall 
find left but few objects of legitimate study. For there^ is 
scarce any question occurring in the sciences about which 
talented men have not disagreed. 

DESCARTES, Rules for the Direction of the Mind 

4 It seems a proposition, which will not admit of much dispute, 
that all our ideas are nothing but copies of our impressions, 
or, m other words,, that it is impossible for us to thinh of 
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they differ in their beliefs. For example, one person may insist 
that the fox’s posterior appendage is the brush and not the tail; 
someone else may claim that of course it is the tail, for whoever 
heard of a brush growing on an animal? Here the issue is purely 
verbal, for the two parties to the dispute do not disagree about 
what the fox’s appendage is Uke; they disagree only about what 
word should be applied to it. 

But is the question about the honor code a trivial verbal 
question, in the way the question about the fox’s appendage is? 
Surely not. The question whether a violation of the honor code 
has been committed is a serious and substantial question. It 
cannot be settled by making an arbitrary decision about how to us 
a word; that would not be fair to the accused student. The 
decision reached will affect our action toward the accused student, 
and our actions ought not to be arbitrary, have to engag 
some careful thinking, if we are to reach a fair decision ; we have 


weigh the arguments pro and con. ^ 

Deductive arguments are likely not to be of much use in is 
problem. Suppose someone tries to settle the problem deductive y 
by arguing: “All cases of cheating violate the honor code ; all cases 
of writing bad checks are cases of cheating ; therefore, a 1 
■writing bad checks violate the honor code . Alt ou„ 
argument is valid, it does not succeed in proving its cone u , 
iJ we were dubious about whether the conclusion .s true the 
are prett, sure to he at least 
premise. Here the deduction commi 
Principn. No purely deductive line of reasoning .s hkely 
much help in settling this problem. winVhever 

Nor are inductive arguments likely to 
conclusion we want to establish here (that 

or is not, a violation of the honor co e , ^ atout future 
conclusion does not embody any predictive conject 
experience going beyond what is already knonn. No pu 
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NONINDUCTIVE EEASONING BY ANALOGY 

In Chapter 6 -we considered inductive arguments by analogy. 
One of our examples the reasoning of a postman, who, on the 
basis of his past experience with boxer dogs that bit, reasons that 
probably the new boxer looming in his path will bite also if 
approached. This is an argument by analogy; it is dednitely 
inductive in nature, for the conclusion (that this dog will bite if 
approached) embodies conjectures regarding what future sense 
experience can reveal, conjectures that go beyond the present 
evidence. However, not all reasoning by analogy is inductive in 
this sense, leading to conclusions embodying empirical conjectures 
that go beyond the data. 

Let us consider an example of an argument by analogy which 
is not inductive. At a certain university a rigorous honor code 
specifically lists lying and cheating as offenses punishable by 
expulsion. Suppose it is discovered that a student has written a 
bad check and used it to purchase merchandise. The question now 
arises whether this student has violated the honor code ; is writing 
a had check a violation of the rule against lying and cheating? 
(We shall suppose that whoever first wrote the code never con- 
sidered this question and that there are no known precedents 
about it.) Someone might try to dismiss this question by saying, 
“Well, it’s all a matter of definition. If by ‘lying’ you mean 
something that includes writing bad checks, then he’s guilty ; and 
if you don’t mean that by the word ‘lying’, then he's innocent. It s 
just a matter of what you choose to mean by a word. Just decide 
how you want to define your temm, that’s all”. 

This comment suggests that the question about the interpreta- 
tion of the honor code is just a trivial verbal question. As we 
remember from our discussion of definitions (Chapter 5), a verbal 
dispute IS one that has no true or false solution and that arises 
solely because people cboose to use words differently, not because 
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Someone may object that this sort of argument ought to be inter- 
preted as an enthymeme having an unstated premise. The idea would 
be that, if an appropriate additional premise were supplied, the argu- 
ment would become definitely deductive. But there are two difficulties 
with this idea. First, in this sort of case it is bard to state another 
premise which is both known to ns and sufficient to render the argument 
deductively valid. Second, even if we could state such a premise, adding 
it to the argument would surely mate the argument into a petitio 
principii. For instance, the auxiliary premise “Whatever is like lying 
and cheating ought to count as an honor offense , even if we di n 
know it to be false, would be more dubious than the conclusion that we 
are trying to establish. It would seem that someone who insets 
regarding this argument as a deductive enthymeme must say ei er ^ 
the argument is a non sequitur or that it depends upon fa 
or that it begs the question; in any of these three cases, he wiU have to 
say that the argument is of no value for proving its cone usion. 
this argument and others like it are not worthless for Vroring con^ 
sions. They sometimes are very good arguments, whose premises 
real reason for believing their conclusions. 

This sort o£ noninduotive reasoning by analogy is a valuable 
and fundamental type of reasoning, to which we , 

cases where other types of reasoning are unsuccess u . = 

there are no formal rules about when arguments ° , 

good and when they are bad, we can say that the reasomng as good 
when the analogies are good and that it is bad whea, 
are bad. If one thinhs that an argnnaent by analogy “ 

analogy and reaches a wrong conclusaon, one way o a 

honor code, claianing that the analog nP™ ^ 

good analogy. He maght argue „„ ,„„es bad 

that much like writing bad checks; so ^ ^ 

cheeks uniaatentionally, just because ° . Conal. ^ind 

balance, and this is unlike lying, which always as antentaona 
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inductile line reasoning wonld be helpful here, for the con- 
clusion is not of the inductive sort. 

What sort of reasoning -would be appropriate to this problem 
Someone would be making a helpful and relevant contribution to 
the discussion if he were to reason as follows : “Lying and cheating 
are indisputably offenses against the honor code; now, writing a 
bad check is very like lying, because signing your name to a bad 
check is like falsely stating that you have money in the bank. 
Also, writing a bad check is very like cheating, for you persuade 
the merchant to accept the cheek in exchange for merchandise by 
deceiving him into thinking the cheek good. Since writing a bad 
check is so like lying and cheating in these respects, it therefore 
resembles them also in being a violation of the honor code”. At the 
heart of this reasoning are the analogies between writing a bad 
check, on the one hand, and lying and cheating on the other hand. 
The whole argument essentially depends upon these analogies; 
the argument as a whoie is a good argument if and only if these are 


good analogies. 

Here it is •worthwhile to notice the distinctive character of this 
sort of reasoning. This is reasoning by analogy. Hence, unlike 
deductive reasoning, it does not claim to be absolutely conclusive ; 
at best, it gives us good reason for accepting the conclusion. On 
the other hand, this sort of reasoning Dy analogy differs also from 
inductive reasoning For inductive arguments by analogy le^d 
to conclusions embodying predictive conjectures about what the 
future course of experience ■will bring to light, whereas the sort of 
reasoning by analogy that we now are considering does not lead 
to that sort of conclusion. (Reaching the conclusion that the 
student is guilty certainly is not the same as predicting that he 
will be treated as guilty ; nor is it the same as predicting that his 
conduct will have observable consequences different from those 
it would have had, had he been innocent.) 
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2 It 'would not seem open to a man to disown his father (though 

a father may disown his son) ; being in debt, he should repay, 
but there is nothing by doing which a son will have done the 
equivalent of what he has received, so that he is always in 
debt. But creditors can remit a debt ; and a father can there- 
fore do so too. ARISTOTLE, NicJwmachean Ethics 

3 “Then you should say what you mean,^^ the March Hare went 
on. 

“I do,^' Alice hastily replied; “at least — at least I mean 
what I say — that’s the same thing, you hnow.” 

“Not the same thing a bit!” said the Hatter. Why, 
you might as well say that ‘I see what I eat’ is the same thing 
as ‘I eat what I see' I” 

“You might just as well say,” added the March Hare, “that 
‘I like what I get’ is the same thing as ‘I get what I like ! 

LEWIS CARROLL, Alicc in Wonderland 


4 


5 


But me — ^look at the growth of hair in front, 

It hangs before me ; down my back it tumbles, 
Good, rich, coarse hair all up and down my body. 
Don’t tell me man-grown hair is out of fashion ; 
A tree's not beautiful when grey and bare, 

A horse without his mane’s not fit to look at ; 
Feathers become a bird as wool does sheep, 

So a deep-matted run of hair looks handsome 
On any man who has the luck to wear it. 


It’s true I seem to have a single eye, 

One eye that blazes bravely in my forehead. 

Bigasashield. Sometimes it rolls. Wbynot? 

The sun looks down from where he rides the heavens 

Sees everythiBgand^ift asmgle eye. ovn,, Metamorphoses 

That the aggressor, who puts himself into the state of war 
with another, and unjustly invades anot er ® 

by such au uujust war, — will not thinh 

conquered, will be easily agreed by all men. 
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even 'when bad cbecbs are intentionally written, the people who 
write them often are not intending to defraud their creditors 
permanently ; they just intend to delay the payment for a while. 
The original argument drew a parallel between bad-check writing 
on the one hand and lying and cheating on the other; this 
counterargument claims that the cases are not sufficiently parallel 
to justify the conclusion that was drawn. We could not de- 
cide which viewpoint is more correct until we had reflected very 
fully about the likenesses and differences between these actions. 

A more vivid way of attacking an argument that seems to 
employ a weak analogy and reach a wrong conclusion is to think of 
a counteranalogy pointing in an opposite direction. Thus, if 
someone says, "Maybe this boy did write bad checks, but emo- 
tionally he IS just a child, and so ^\e should make allowances for 
him, as we would for a child”, someone else might reply, "Well, 
just because he is childlike, he needs to be dealt with severely, for 
children who are not sharply corrected persist in their delinquent 
habits”. Here the original analogy is met by a counteranalogy; 
the weakness of the original argument is brought out by showing 
that, by reasoning which is no worse, one can reach just the 
opposite conclusion. 
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perceptions of fact for those who have them as any sensations 

aattns. THe Vanefe 0/ »us Experience 


LOOIC IN USE 

It is one thing to be acquainted with 

logic; it is another to he able to app y relatively 

analyzing and criticizing actual ®^sumen rrith 

little practical intellectual ben „T>nlv them. To do this 

logicalpriuciplesunlesswebecomea e 0 knowledge, and 

effectively tabes practice, common sen , g 

mastery of language. discourse that we 

m.. .... . pi«. •> P~i. «.» “ 

wish to analyze in a systematic ma . conclusions 

unravel the structure of the reasoning, classify each bit of 

and what the premises are. Thenex Then we can ask 

reasoning: Is it deductive, inductive, “ generalization!), 

what is its specific type (sy ogism reasoning in 

Nest we can evaluate the validity .ypc. This should tell ns 

terms of the considerations relevant o consider 

whether the overall reasoning is va conclusion. Is there 

whether the reasoning succeeds in P question! Are the 

any fallacy of inconsistency or o c cpr 

premises reasonable to believe! 

general Iniowledge. twofold. tVe aim to avoid 

In criticizing reasoning, our a recognize 

being deceived by unsound «imoni g, ^ knowledge of 

sound reasoning as without comp«hend- 

loglo sometimes understand ^ few fallacies, 

ing the latter. Having Icarne someone c se 

instance, they conclude that w e indiscriminately c 

reasoning the proper procedure is to cry 
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that robbers and pirates have a right of empire over whomso- 
ever they have force enough to master, or that men =rc bound 
by promises which unlawful force extorts from them. Should 
a robber break into my house, and, with a dagger at my throat, 
make me seal deed to convey my estate to him, would this give 
him any title? Just such a title by his sword has an unjust 

conqueror "who forces me into submission. 

LOCKE, Of Civil OovcrnwcTit 


6 A foolish consistency is the hobgoblin of little minds, ^ adored 
by little statesmen and philosophers and divines. "With con- 
sistency a great soul has simply nothing to do. He may as 
well concern himself with his shadow on the wall. 

EMERSON, “Self-Reliance 


7 A majority taken collectively is only an individual, whose 
opinions, and frequently whose interests, are opposed to those 
of another individual, who is styled a minority. If if 
admitted that a man possessing absolute power may misuse 
that power by wronging his adversaries, why should not a 
majority be liable to the same reproach? Men do not change 
their characters by uniting with each other; nor does their 
patience in the presence of obstacles increase with their 
strength For my own part, I cannot believe it ; the power to 
do everything, which I should refuse to one of my equals, I will 
never grant to any number of them, 

DB TOCQUBViLiiE, Democracy in America 

8 If the mystical truth that comes to a msin proves to be a fo^e 
that he can live by, what mandate have we of the majority 
to order him to live in another way ? . . . It mocks our utmost 
efforts, as a matter of fact, and in point of logic it absolutely 
escapes our jurisdiction. Our own more ‘rational' beliefs are 
based on evidence exactly similar in nature to that which 
mystics quote for theirs. Our senses, namely, have assured us 
of certain states of fact; hut mystical experiences are as direct 
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f It’s prime Baptist missionary. 

FATHER : Have some meat, boj . 

SON: No, thank you, sir. g you picked up at 

pather: What’s this? What nonsense have yo 

the university 1 
SON : I don’t eat people. 

father: This will never do. ^ -wron". 

bon: I won’t eat people. EaUng peop^ 

father: All right, son, aU rig . logic, so if you’ll 

with you. I know that you ve gating 

Hndly pay a little attention. I’ll jnst pro 

people isn’t wrong. always 

' lirelt 

a^rkiud Of peopleagree that eating people.^ 
do. How could they all be wrong 

.av “Don’t eat people . Its 

3 Anyway, it’s obvious why yon y ^ ,tew 

because you’re a „„ view seriously. 

yourself. So we needn t take ^ ^ 

4 Now, people around here they’re likely to eat. 

people; and people they ®" ’usiy unreasonable your 

I wonder if you realize how 

position is. f.-.ors up at the 

5 It must be some of those they’re all pale- 

university who gave y;» „et a payroU; they re 

faced, and not one of the ^j,„^dn’t listen to them, 

effeminate and imprac ica . . eating people. 

6 Besides, it’s CommnnisU^^o^t>;“ ‘ 

I never thought a son o 

and come back a Ked. ^ attention and think. 

7 And now for one moment for ns? ^iT>at one 

What one food is the best possihl 
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name of some fallacy. They think that logical criticism is all 
negative criticism, always finding fanlt, always accusing others of 
having made mistakes. But this attitude is shallow and harmful. 
A person who develops it is worse off intellectually than he would 
have been had he never studied any logic or learned the names of 
any fallacies ; what little he has learned he uses so crudely that it 
does more harm than good. 

Even more debased than this are the regrettable intellectual 
habits of those -who, perhaps through experience in debating, learn 
enough about rhetorical techniques to realize that a vigorous case 
can be made on either side of almost any issue. They have the 
idea that the v7hole point of logic is always to score debating 
victories over one’s opponent. Focusing all their attention on the 
superficial persuasiveness of arguments, they lose sight of validity 
and soundness. Sometimes they remain perfectly content with 
whatever thoughtless opinions they themselves happen to have 
acquired, and they use all their argumentative talents for the pur- 
pose of persuading others that these opinions are right. 

Eeasoning at its best is not a competitive but a cooperative 
enterprise. A balanced attitude must involve a willingness on 
our part to recognize and to accept good reasoning whenever an 
opponent is able to present it to us, in addition to a willingness to 
recognize fallacies whenever they occur and not just when they are 
committed by others. The ideal is that we should be dispassionate 
and objective as we distinguish between good and bad arguments 
and as we evaluate the degrees and respects in which arguments 
that are neither wholly good nor wholly bad are good and bad. 

Exercise 34 

The folloioing discussion^ deals with the question, Should wc eat 
pcopleT Discuss the soundness of each hit of reasoning. 

» Saggested by “The Itcluctant Cannibal,*’ from At the Drop of a Hat bj 
Michael Flanders and Donald Swan. 
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it’s wrong to eat people. ^ Bn g;Uy_ 

a large chunk of rare cow s • 

he was a good and fand^^^ S ^ 

at us very trustingly, -ion ate my s j 

17 Dr. E. T. M. Young. marshmallow whip, can- 

Anthropopliagist, declare . ^ achievement of man- 

nibalism is the noblest gastronomieal achierem 

kind”. That should settle the matter. 

18 The Bible itself endorses the eating ^ ^hen 

is written: “Blessed are those that ha 

he cometh shall find T ifl come forth and serve 

shall . . . make them meat, and 
them”. (Luke 12:37) 

The following discussion w n-^otc^. Discuss the 

convincingness of eac P 

1 .a.rao: fluoridation of 

successfully both in ^ hildren of these cities had been 

Rapids, Michigan. After the cMldren « 

using tkc fluoridated cavities per 1,000 

already had 60 per cent fewe ^^cd ^ a 

children per year. cn receiving the fluori a 

control group and >>=‘3 “Ot ‘■ccn^^^^^ looking m a 

water there was little <*»“S • ° child comes from 

child’s mouth, a dentist can teUwhe^^_^ ^g^^^^cc m 

a place with fluoridated wate^ 

the incidence of dental cavi i flaoridation de- 

2 .moo.: Your statistics don’t 

serves the credit. “Iple the teeth of these ch.l 

medical care, that helped to imP 

drent 
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food contains all the substances our bodies need ! The answer 
is, people. And you can’t deny that we ought to eat what’s 
best for us. It follows logicaUy that we ought to eat people. 

8 And if you don’t believe in eating people, son, my business 
associates and my customers will hear about you, they’ll be 
shocked, they’ll blame me, 111 be forced out of business, I 
won’t be able to earn anything, and your poor mother and I 
will go hungry. Don’t do that to us, boy. You can see that 
eating people is right. 

9 If you say “Don’t eat people”, you might as well say “Don’t 
beat people”. Your logic is laughable. 

10 It "was our system of free-eating enterprise that made this 
country what it is. Obviously, you’re a person who wants to 
destroy our prosperity and freedom. 

11 Our entire internal economy is based on people-eating. If "we 
stopped eating people, hungry hordes of the unemployed 
uneaten would crowd our streets, while other hordes of unfed 
eaters would starve. But it is right to prevent starvation 
and unemployment, and since eating people does this it is not 
wrong but right. 

12 If your demand that we stop eating people were granted, 
why, next someone would demand that we stop eating ani- 
mals, then vegetables, then minerals. We’d end with nothing 
to eat at all 

13 You say "Don’t eat people”. But I hold in my hand a photo 
taken only ten years ago which clearly shows you dining on a 
large people-steak. 

14 Why is it that you are so insincere and deceitful? What 
foreign power are you in the pay of T 

15 You say that eating people is wrong. But I put it to you: 
Would you want your sister to marry a vegetarian ? 
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If you lived in a place where the water had natural fluorides 
;rirwruldyou?rytotahetheu>outi Of course not. So 
why object if fluorides are put m? 

Both the A.eri.n " 

Dental Association have formally 
Surely they are trustworthy authorities. 

“■ “T rs 

tion. For instance, the iexa ATnerican Physicians 

to recommend it ^”‘l *':4Te‘ondeL the addition of any 
and Surgeons declared, purpose of affecting 

substance to public water s"PP ^ (jons of the consumers”, 
the bodies or the bodily or mental functions 

, . u either Out of 56 cities where 

The people don t want it ^2 j^j„ed it 

really fair elections on the matter 

Sectors favor fluoridation. 
14 It’s not hard to explain why teen Dr. Speare, 

For instance, one of Its leading at the Harding 

dean and research professor » received in the past 

University Medical Schoo . • processors, the refined 

six years over $360,000 from chemical and 

sugar interests, f uiarked for Dr. Speare s 

drug interests; half of Congressional Record)^ 

personal direction (““f ^thlt it is refined sweets, sMt 
Every true nutritionist tccic causes of defective 

drinks, and refined flour that are the ^ foods 

teeth. Is it any wonder to cover up for 

are so active in helping ** g „c, and the others like 

them ! Is it any commercial interests ! 

him, are so fiercely loya » ^cter supply already 

16 HR. pro: In most towns ,„ch as chlorine, alum, 

contains various artifimal etoen^. c^r 

and copper sulfate. *» P"'-“‘ 

that our water is safe. 
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3 Anyway, your statistics concern only children. They don't 
show anything about what happens to adults’ teeth. 

4 My figures show that, after several years of fluoridation, 
Newburg, New York, had a total of almost 50 per cent more 
cases of tooth decay among school children, as well as over 50 
per cent more heart disease and kidney trouble among adults, 
than had the ‘control’ city, whose water was unfluoridated. 

5 We all know that tooth decay is caused by improper diet 
and poor dental hygiene. So it would be better to eliminate 
these causes than merely to treat the effect of them, which is 
tooth decay. Fluoridation is the wrong approach to the 
problem. 

6 Moreover, fluorine is the most dangerous toxic chemical on 
earth; it is so powerful in its corrosive effect that it is used 
to etch glass. The idea of putting that sort of chemical into 
our drinking water is just insane. Fluoridation is a menace 
to health. 

7 Careful control of the size of the dose of any medicine 
administered is essential; that’s the benchmark of medical 
science. But when this fluoride chemical is put into the water 
reservoirs, there is no way of being absolutely sure that 
it will be evenly distributed, so that no one gets a dangerous 
overdose. 

8 Fluoridation may have harmful consequences which far out- 
weigh a cavity, and its effects may not be successfully de- 
termined for years to come. It is unwise to proceed with 
fluoridation at the present time. 

8 MR. PRO; Drinking water has been artificially fluoridated in 
many cities for quite a few years now, and scientists who have 
studied the health records have never found any evidence that 
fluoridation harms anyone. And some other places have al- 
ways had water containing natural fluorides ; people there are 
as healthy as anywhere else. 
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THE STATUS OF LOQIOAI. lAWS . 

j nf time discussing laws oi lub 
■We have now spent a good deal oi 

both deductive and inductive. u w phi- 

laws! "What are they about! W a to account for the 

losophers have long been intereste ^ ^ philosophical problem 
essential nature of the laws o gUminary suggestions 

deserves our attention. In Chapter now let us try to 

were made about the nature o . alternative views. The 

discuss the matter more fully, e®™' “ discussed are 

reader must bear in mind ttat t e „ y 

controversial. Philosophers o “ thing's that this chapter wi 
philosophers would disagree wit 

t logic we are referring to principles 

men we speak of laws of log*®, 

such as these, for example . aentenec* tliot 

•Some -writers use the P'"’”®® rSw, CIM=P'“ 

are legically tree on J^tt'r.Uon other havo to he 

not” rather than to sentenocs fct Krawpl'’ v 

do. According to that more p 
referred to as “laws of metalogi 
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typhoid fever, for instance. Nobody objects to these chemicals 
nowadays, so why object to fluoridation? 

16 ME, CON : Perhaps it is all right to put chlorine in the water 
in order to prevent typhoid. But tooth decay is not a 
dangerous communicable disease. Tooth decay is far from 
being one of onr most pressing problems. No one has died 
of it yeti Fluorine is a different matter from chlorine. 

17 The primary freedom that our Western civilization offers is the 
right of the individual to make his own choice and decision 
in a personal matter. Every citizen has the right to take only 
those medicines that he chooses to take. But fluoridation of 
the water supply is a form of compulsory mass medication. 
It infringes the inherent right of the citizen. Why needlessly 
destroy that right? 

18 If an individual wants fluoridated water, he should buy the 
fluoride for himself and add it to his own water. 

19 MR. PRO: It would be more expensive and also a great 
nuisance for individuals to add fluoride to their personal 
water. It is far more efBcient to have this done by the city. 

20 The city compels children to attend school ; it compels drivers 
to obey trafEc regulations; and it compels property owners to 
obey zoning laws. If it is all right for the city to do these 
things, why shouldn’t it improve our water supply too? 

21 MR. CON; The fluoridators are at work to brainwash the 
nation so that we will meekly accept and be forced to partake 
of this vicious cumulative poison with our water, our coffee, 
our vegetables, all our cooking, and through our pores every 
time we bathe. 

22 jiR. PRO; Fluoridation is opposed by a crackpot, antiscientific 
minority. I do not believe that a minority ever has the right 
to keep the majority from getting what they want. In any 
city where a majority of us want fluoridation, we should have 
it ; that is the democratic way. 
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Is this a satisfactory view about the ", 
logic t Like many another view m philosop y, is vi 
a comparison of one thing with another, a companson partly 
misleading and partly illuminating. 

If we have observed manyravens,a«ofwhmh^^^ 

would believe the inductive genera iz ^,y further 
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what it would he like for the generalization t ^ 

discovery of some kind of nonblaek ™ ,ut not 
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geLralizations that we always can 
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Are elementary laws oflogicliket 1 the logical law that 

it would be like for observations f'^ben understood in 

all sentences of the form P ^ ^ creature that 

the normal way) are false? or an object which some- 

claimed to be both a man and no Suppose, moreover, that 
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insists that the object is not mere y i ^ is ^ot a tree. 

some ways unlike but that the o ^ake sense an 

These claims are 'f^'^black raven. No matter wha 

quite unlike the case of tn 
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Every sentence of the form "p and not p" is false. 

Every E sentence is equivalent to its own converse. 

No valid syllogism can have an undistributed middle term. 

What kind of sentences are these laws? How do we know them to 
be true J How is it that they can be of use to us ? Let us consider 
in turn four different pbilosopbieal views as to the nature of these 
laws. It will suface if we focus our attention upon quite ele- 
mentary laws of logic, since the status and character of more 
intricate laws can be expected to agree with that of the elemen- 
tary laws. 


Are Logical Laws Inductive Generalizations 1 
First let us consider the suggestion that the laws of logic are 
inductive generalizations, empirical truths about how things in the 
world behave, like the laws of physical science, though more 
general. This view has not been very widely held by philosophers, 
but it deserves our attention. According to this view, we can 
confirm these laws of logic by making observations of how things 
happen in the world. This would mean, for example, that past 
» experience is the real basis of our confidence that all sentences of 
f the form "p and not p" are false. According to this view, just as 
having observed many ravens that are black and none that is not 
entitles us to believe that all ravens are black, similarly our having 
observed many sentences of the form “p and not p” that are false 
and none that is true justifies our belief that all such sentences 
are false. We have met the sentences "Today is Tuesday and it is 
not”, "Snow is white and it is not”, and so onj in each case, 
investigation of the calendar or of snow, or of whatever is the sub- 
ject of the sentence, has revealed that the sentence is false. Hence 
we may properly infer by induction that the world probably is so 
constructed that every sentence of this form is true. 
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might ohserye o£ the creature or the object, nothing about it could 
prore to us that it both has and lacks the very same property. No 
matter what we might ohserve, it could not refute our conviction 
that all sentences of the form “p and not p” are false. 

Thus it is misleading to say that the laws of logic are inductive 
generalizations. They are unlike inductive generalizations in that 
they could not he refuted by any describable observations. If they 
could not be refuted by any describable observations, they cannot 
need to be supported by evidence drawn from past observation. 
The view that our knowledge of logical laws rests upon past 
experience cannot be right. These laws must be known by us in 
some other way. So much for the misleading aspect of the view 
that laws of logic are like inductive generalizations. 

However, there is also an illuminating aspect to this com- 
parison of the elementary laws of logic with inductive generaliza- 
tions. Although these laws do not need evidence from experience 
to show that they hold true, such evidence serves to show their 
utility. These laws are of use because the world happens to he 
the kind of world that it is. This is a generalization based upon 
experience and could be refuted by experience. Suppose, for in- 
stance, that the universe were under the governance of a powerful 
and malicious demon of superhuman intelligence who disliked any- 
body who reasoned in accordance with logical laws. The demon 
might see to it that any such person was supplied with misleading 
evidence — evidence which, when logically interpreted, led to false 
conclusions. For instance, if there were both white and black 
swans in the world, the demon would arrange that logical thinkers 
observed only the white ones; logical thinkers would then infer 
the false conclusion that all swans are w’hite. The demon might 
also arrange that illogical thinkers were supplied with evidence 
of kinds such that from it, with habitual illogic, those thinkers 
would infer true conclusions. 

If the demon were clever enough and powerful enough, he 
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laws is compared to a sort of vision, a nonsensory vision. This 
comparison, like the preceding one. has both an illuminating and a 
misleading aspect. Its illuminating aspect is that it emphasizes 
the difference between logical laws and empirical generalizations, 
by insisting that knowledge of logical Ians is a priori rather than 
empirical. By speaking of rational insight, this view rightly 
suggests that we can grasp the truth of elementary logical laws by 
‘seeing’ that they hold, that is. just by thinking about them. 

But there is a definitely misleading aspect to this view also. 
Speaking of insight into the nature of reality suggests that the 
process by which we come to know logical laws is a kind of seeing 
with the eye of reason— seeing into the inner essence of things, 
seeing general facts essentially embedded in the nature of the 
world. The view suggests that by a kind of penetrating and occult 
clairvoyance we succeed in gazing into the abstract innards of the 


universe. This is misleading, for it makes the whole matter seem 
far more mysterious, far more occult, than need be. It conveys a 
wrong impression of the reflective thinking that is involved in 
grasping logical laws. The view seems to suggest that by staring 
very intently with the mind’s eye we come to understand that 
sentences of the form "p and not p’* are false. That is not so, 
however. We come to understand this through remembering bow 
the words “and” and “not” are used in normal cases and through 
fitting together what we remember of this Someone who accepted 
the doctrine of rational insight might be inclined to sit blinking his 
mind’s eye and waiting for his rational vision to clear, Avhen what 
he should be doing is to marshal what he knows about how he uses 
certain words when he speaks his own language. The view we are 
discussing misleadingly suggests that someone might fully under- 
stand the uses of the words “and” and “not” and yet, if his rational 


insight were clouded, might remain ignorant of the law that 
sentences of the form “p and not p” are false. But this could not 
happen, for if anyone doubts whether sentences of the form “p and 
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principle that people cannot fuU knowingly believe contradictions 
really is not an inductive generalization belonging to psychology. 
Instead, it is a necessary truth reflecting something about what it 
means to understand a contradiction; part of what it means to say 
that someone fully understands a contradiction is that he does not 
believe it. Logic, indeed, has very little to do with empirical facts 
about human minds. (Empirical facts about human psychology 
enter into logic, if at all, only in connection with the discussion of 
logical fallacies ) When logic tells ns that no sentence of the form 
“p and not p” is true, this is best regarded as a remark about 
sentences, not as a remark about minds. Mental phenomena are 
not the subject matter of logic; its subject matter consists of 
sentences and arguments, wbicb may be about anything whatever. 
Logic is not a branch of psychology, for psychology is an em- 
pirical, inductive study of how people and animals think and 
behave, whereas logic is a nonempirical, noninductive study of 
such matters as the validity of arguments. 

Are Logical Laivs Verbal Conventions? 

Some recent philosophers have advocated still another view 
about the status of the laws of logic, the view that these are verbal 
conventions The logical law that all sentences of the form “p and 
not p” are false is compared to a stipulative definition. According 
to this view, the meaning of the law is that we have arbitrarily 
decided always to apply the word “false” to that sort of sentences 
containing “and” and “not”. We maintain this stipulation because 
it proves to be a convenient way of speaking bnt not for any other 
reason. 

According to this view, the logical law cannot be regarded as a 
necessary truth ; it really is neither true nor necessary, for all it 
does is to express an arbitrary verbal convention, which we could 
alter if we decided that it would he convenient to do so. Perhaps it 
would never prove convenient to alter this particular verbal 
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Confusion arises here because of an ambiguity. The pro- 
ponent of this view neglects the difference between a logical law 
considered merely as dealing with sentences of the form p and not 
p” and a logical law considered as dealing with these sentences 
understood hi the standard manner. If a logical law dealt merely 
with marks and sounds, the law could arbitrarily be changed 
merely by changing the meanings we attach to the marks and to 
the sounds. For instance, we could decide to let “and” express 
disjunction; that would certainly change the law. But when the 
logical law is understood as dealing with sentences understood in a 
particular way, the law cannot be changed by any human power, 
or by any power at all, for it is necessarily true. 

Looking back over these four views, we see that each con- 
tributes something to our understanding of the matter, yet none is 
adequate. It is not good enough to describe the laws of logic as 
inductive generalizations about bow things in the world behave ; it 
is not good enough to call them rational insights into the nature of 
the universe; it is not good enough to call them generalizations 
about how human minds work; nor is it good enough to call them 
arbitrary verbal conventions. This may encourage us to return to 
the account suggested in the final section of Chapter 1. Putting it 
in a more positive way, we may say that the laws of logic are 
necessary truths about sentences and arguments, which hold true 
in virtue of the ways words are used and which we grasp through 
mastering our language. 


DOES ALL DEDUCTIVE BEASONINO BEG THE QUESTION? 

"We turn now to another and more specific problem in the phi- 
losophy of logic. The distinctive feature of deductive arguments 
is that they are, or claim to he, conclusive; that is, a deductive 
argument makes the claim that, mnce the premises all are true, the 
conclusion must necessarily be true also. Put another way, the de- 
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evidence a'bout some individual cases to a conclusion about anotber 
individual case, is what we have called an inductive argument by 
®^siogy. Mill contended that this was the fundamental type of 
argument that we -use in our thinldng whenever we are employing 
reasoning that can really prove anything. 

Is Mill right about this? Can it be true that deductive 
reasoning, which we have spent so much time studying, always is 
basically worthless and never can prove anything ! The idea that 
•Reductive reasoning always commits the fallacy of begging the 
luestion sounds very paradoxical and puzzling; yet can we 
»iaiutain that deduction is of any use, when we admit that the 
t=onclusion of a valid deductive argument has to be contained in its 

Pfamises? 


Value of Deduction 

. surely was right in insisting that inductive reasoning 
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syllogism is a petitio principii, for anyone who was in doubt about 
the conclusion should he at least equally in doubt about the 
premises. 

Not all syUogisms are quite like this example. W e might have 
a syllogism that involved no circularity of reasoning with respect 
to its major premise, for instance, “All bachelors are unmarried; 
Calvin is a bachelor, and so he is unmarried”. This syllogism has a 
necessary major premise, and we do not have to observe all 
bachelors including Calvin before we can know that all of them are 
unmarried; we know this in virtue of the meanings of the words 
involved. Even in this example, however, there still remains a 
circularity in the reasoning. For how could we know that Calvin 
is a bachelor unless we first had found out that he is unmarried? 
If we did not know that he was unmarried, we could not possibly 
know that he was a bachelor. Thus again we have to know the 
conclusion before we can know a premise. Here the circularity 
arises with respect to the minor premise rather than the major ; but 
the reasoning again is a begging of the question. 

Mill considered that all deductive reasoning suffered from this 
sort of circularity. No deductive argument could ever be used 
really to prove anything, for always one would have to know the 
truth of the conclusion before one could know the truth of all the 
premises; always the premises would be at least as dubious as the 
conclusion itself. Because all deductive reasoning seemed to him 
to be useless, Mill came to the conclusion that all genuine reasoning 
that proves anything is what we would call inductive in nature. 

If I am trying to prove that Calvin is avaricious, the evidence 
from which I really reason is that "Wilbur, whom I’ve met, is an 
avaricious teetotaler ; that Hubert, whom I’ve met, is an avaricious 
teetotaler; and so on. The actual evidence that I have is about 
other particular individuals. This is the evidence that I must use 
if I am to make a useful inference about whether Calvin is 
avaricious. An argument of type, in which one reasons from 
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Mill is surely right that induction (as we call it ; he used the wor 
somewhat differently) is very important and that merely deductive ^ 
proofs of empirical conclusions would never be complete. He ' 
rightly emphasizes the importance of induction and the limitations 
of deduction in our reasoning abont empirical matters. 

However, Mill surely puts his point too strongly. It is a 
serious exaggeration to say that, whenever we have an argument 
whose conclusion is deductively contained in its premises, there we 
always have a fallacy of begging the question. It is true that 
whenever we have the fallacy of begging the question, there we 
have an argument whose conclusion is contained in its premises ; 
but the converse does not hold true. Sometimes we can have 
arguments that are deductively valid, whose conclusions are in- 
deed contained in their premises, yet which are of real value as 
proofs. 

Suppose that a man lives in the suburbs but works in the city ; 
he commutes every day. He knows perfectly well that it takes him 
ten minutes to get from his house to the station, thirty-five minutes 
by train into the city, ten minutes by subway, and then five 
minutes to walk to his office, and the same on the way back. And 
he knows perfectly well that ten plus thirty-five plus ten plus five 
equals sixty, and that there are sixty minutes in an hour. He 
knows these separate facts very well indeed. But it may come as a 
surprise to him, and perhaps a shock, if someone now points out 
that he is spending two full hours every working day of his life 
just traveling back and forth. This conclusion follows deductively 
from the premises; the man knew perfectly well that the premises 
of the argument are true; but he had never before noticed the 
conclusion contained in the premises. 

An argument begs the question if its conclusion is contained 
in its premises in such a way that a person would not know the 
premises to be true without having noticed that the conclusion is 
true too. The example just ^ven is a simple deduction that does 
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past experience, we see that inductive thinking has frequently led 
ns to true conclusions. Is this not a good reason for trusting 
induction for the future toot This sort of argument is un- 
satisfactory as a reply to Hume’s scepticism ; it otfers an inductive 
argument in favor of the reliability of induction, and that begs the 
question, so far as the sceptic is concerned. Since he is dubious of 
the legitimacy of induction, he will be at least equally dubious 
regarding this particular piece of inductive reasoning. Here is a 
subtler kind of peiiiio principii, in which it is the form o 


reasoning itself that is question-begging. _ 

Other philosophers have thought that we may justi y in- 
ductive reasoning by introducing the assumption that natu 
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elusion why should we trust or rely upon inductive reasoning 
Consider examples. In our past experience we have alw^s 
found that bread is nourishing to eat and arsenic is poisonous W 
have observed many occasions when people have eaten bread and 
stayed healthy, and we have observed some occasions when people 
ate arsenic and died. But have we any logical right to believe tha 
this must continue to be so in the future? It is perfect y 
conceivable that from tomorrow onward people who eat arsenic 
■will be nourished by it whereas those who eat bread will be 
poisoned by it. If this is so, how can we claim that what we have 
observed in the past gives us any real reason for making inferences 
about what must happen in the future? How can we claim really 
to know anything about what will poison us and what will 
not? 


Hume came to the conclusion that we do not have any reason 
for trustmg inductive arguments Inductive reasoning is invalid 
and never really enables us to know anything, he felt. Thus Hume 
was led to a sceptical point of view, doubting that we ever can 
know anything about as yet unobserved phenomena. Hume 
recognized that people constantly indulge in inductive thinking, 
and he developed a theory to eiplairrwhy"^e^Ie"*3^ 
theorized that human minds are constructed in such a way that 
they have a certain built-in tendency to expect for the future the 
same sort of thing they have experienced in the past. Whenever a 
person has observed something happening often in the past, he 
expects to find that same thing happening in the future ; the more 
frequent the past experience has been, the stronger is the expects 
tion for the future. But this is an irrational tendency in human 
nature, Hume thought ; our min^ work this way, but there is uo 


logical justification for it. 

Some philosophers, seeking to escape Hume’s sceptical con 
elusion, have thought that we may justify inductive reasoning hy 
noticing how successful it has been in the past. Looking 
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is paradoxical and puzzling. We use inductive thinking all the 
time; can it really be an illogical process without any justifica- 
tion? 


The Validity of Inductive Reasoning 

Hume’s criticism of induction was a valuable contribution to 
philosophy, for Hume made it because he had recognized that 
inductive arguments are not conclusive and that one always can 
consistently deny the conclusion without contradicting the prem- 
ises. Earlier philosophers had not clearly understood this and had 
not fully grasped the difference between induction and deduction. 

Hume was surely not correct, however, in believing that this 
fact means that inductive thinking is not good reasoning at all, 
that it has no logical force whatever. The difficulty is that Hume 
thought deductive reasoning to be the only legitimate type of 
reasoning; when he found that inductive arguments are not 
deductive in nature, he rejected them as illegitimate. But deduc- 
tion and induction are two different yet equally important types of 
reasoning, neither of which can be reduced to the other. It is a 
misunderstanding to criticize induction just because it is not 
deductive. We have no more right to do that than we would have 
to criticize deduction for not being inductive. 

The misleading aspect of Hume’s sceptical viewpoint becomes 
clear if we notice what it implies. Hume says that we have no real 
reason for accepting inductive conclusions j this would imply that 
someone who chooses to eat arsenic in preference to bread is just as 
reasonable as someone who elects the opposite menu. Humo thinks 
we have no rational basis for predicting the future ; this implies 
that one kind of thinking is no more logical than any other kind of 
thinking for making predictions about the future. It implies that 
the careful scientist who makes predictions is thinking in no more 
rational a way than the careless person w ho relies on 'intuitions' or 
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alitislve ad hominem argament: Any ad homtnem argument that tries 
to refute a view by attacking the character, qualifications, or motives 
of the person who advocates the view, rather than by offering direct 
reasons why the view is false. 

adbaculum argument (appeal to force): Strictly speaking, an ad bacu- 
lum argument is any argament that fallaciously employs a threat 
as though it were a logical reason for believing a conclusion. In a 
looser sense, when someone stops offering arguments and resorts to 
force, he may be said to be resorting to the ad baculum ‘argument’, 
addition: A form of deductive argument in which from a premise 
a conclusion is derived that is a disjunction having one component 
that is just the same as the premise. This is schematically repre- 
sented as p; .*. pyg. 

ad hominem argument: Any argument whose premises, rather than 
containing evidence having a direct bearing on the conclusion, are 
related instead to the person who refuses to agree to the conclu- 
sion Such arguments arc often, though not alwajs, fallacious, 
adjunction: A form of deductive argument where from two premises a 
314 
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a priori sentence: Any sentence that can be known to be true or known 
to be false a priori. 

argnment: A formulation in words of one or more premises and ot a 
conclusion that the speaker infers from them, 
association: Principles to the effect that in n conjunction of more than 
two components, or in a disjunction of more than two components, 
grouping does not matter. Schematically represented, “(p & g) & r 
is equivalent to "p&Cg&r)”, and “(pvgjvr” is equivalent to 


“pv (gvr)”. 

atomic sentence: Any sentence not containing any other shorter 
sentence as a component of itself- 

begging the anestion: Petitio principU. _ 

biconditional sentence; Any sentence of the form “p if and only if 3 • 
black-and-white thinking: Thinking in extremes; because a sentence is 
false, it is inferred that some very contrary sentence must be true, 
bound variable: To say that a variable in a quantificational formula 
is bound is to say that the variable there is governed by a quantifier, 
broad: To say that an analytical definition is too broad is to say 
that the deflniens applies to some things to which the definiendum 
docs not apply. 

categorical sentence: Any sentence in A, E, I, or 0 form, 
chain argument (hypothetical syllogism) : An argument consisting of 
three or more conditionals. This is represented schematically by 
p D g, g D r; .*. p D r. 

circumstantial ad hominem argument: Any ad hominem argument 
that offers reasons why the opponent would want to accept the con- 
clusion, rather than reasons why the conclusion is true, 
collectively: To speak of the members of a group collectively is to 
speak about the whole group considered as one unit. "What is said 
may not be true of the members of the group considered individually, 
commutation: Prmciples to the effect that in a conjunction and in a 
disjunction the order of the components does not matter. Repre- 
sented schematically, "p & g” is equivalent to "g & p”, and p g 


is equivalent to “q v p’\ 

complex question: Any question worded so as to contain a concealed 
questionable assumption. 

complex question, fallacy of; Any fallacy caused by the presence 
of an unjustified assumption concealed in a question. 
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about every kind of S; the jj ^0 sentence says some 

distributed in that sentence J and only 
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distributively: To speak of member 
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considered singly. What is sal ^ epeaks of 

sidered as one a conclusion 

division, fallacy of: Fallacy o speaks of 

a group distributively from a p follow. ...fion of a 

lectively, when such a conclusion "^"“‘rcLmatl- 

donblc negation: Principle that ®;tself; represen t ^ 

sentenL is equivalent to the sentence Pn”"P^„,t, 

oa„,, --(-p)” is equivalent ta P^^_^ as the 

negation of the negation o be 
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contrary terms: Two terma are contraries of each other if and only if 
it is impossible that there could be anything to which both apply but 
possible that there may be things to which neither applies, 
conversion, by limitation: The converse by limitation of a universal 
categorical sentence is got by making subject and predicate trade 
places and changing the quantity to particular, 
conversion, simple: The simple converse of a categorical sentence is 
got by making subject and predicate trade places. The converse of 
a conditional is got by making antecedent and consequent trade places, 
copula: In categorical sentences, the words ‘‘are” and “are not”, 
seiring to link subject with predicate, 
counteranalogy: An argument by analogy constructed for the purpose 
of countering or opposing some other argument by analogy, 
deduction; Inference in which the conclusion follows necessarily from 
the premises, or at any rate in which the speaker claims that it 
does so. Also, an argument is called a deduction in a narrower and 
more special sense if it is formally arranged in a series of lines so 
that each line either is a premise or is inferred from earlier lines 
by means of some principle of inference, 
dedniendum : In a definition, the word or symbol being defined, 
definiens : That part of a definition which gives the meaning of the word 
or symbol being defined. 

definition: A verbal formulation of the meaning of a word or symbol; a 
rule or recipe for translating sentences in which a word or symbol 
occurs into equivalent sentences that do not contain it. 
definition in contest: A definition that shows how to translate sen- 
tences containing the definiendum into sentences that do not contain 
it but that does not provide any one fixed combination of words 
or symbols that can always be substituted for the definiendum. 

De Morgan’s laws: Laws that the negation of a conjunction is 
equivalent to a disjunction of negations and that the negation of a 
disjunction is equivalent to a conjunction of negations. Schemat- 
ically represented, “—(p&q)” is equivalent to pv — g”, and 

(pvg)” is equivalent to p&— g”. 

denying the antecedent: Form of argument in which one premise is 
a conditional and the other is the same as the negation of its ante- 
cedent. This is represented schematically by p D g, —pj 
This IS not deducts ely >aljd. 

dilemma: Form of argument having three premises, two of which 
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empirical sentence Any sentence that can be known to be true or known 
to be false only on the basis of evidence drawn from sense experi 
enee 

enthymeme Any argument one or more of whose premises is unstated 
equivalence Two sentences are equivalent if and only if they must 
necessarily be alike as regards truth or falsity When tw o sentences 
are equivalent because of their truth functional form, they are said 
to be truth functionally equivalent , when two sentences are equiva 
lent because of their quantificational form they are said to be quanti 
fieationally equivalent 

equivocation fallacy of Any fallacy of ambiguity in which the am 
biguity of some particular word or phrase causes the fallacy 
exclusive disjunction Any 'or sentence whose meaning is such that 
the sentence is false if both components are true 
existential instantiation (£ I ) Rule of inference according to which 
we may infer from an existential quantification any instance of it, 
with the restnction that the name in the instance must be new to the 
deduction 

existential quantification Any symbolized sentence that starts with an 
existential quantifier whose scope is all the rest of the sentence 
existential quantifier The expression (3 ) , where any variable may 

be put in the gap ‘(3a;) means At least one thing ic is such that 
existential viewpoint In discussing the interrelations of categorical 
sentences, the viewpomt from which one takes for granted the exist 
ence of thmgs of the kind under discussion 
explanation Any way of fitting some strange or puzzling phenome 
non into the fahne of one’s knowledge bj pomting out its cause or 
by sbov ing that it is a special case of some more general phenome 
non Explanation differs from proof at least in this respect, that one 
asks for an explanation of a phenomenon only when one is readv to 
grant that it does occur , one asks for a proof of a phenomenon only 
when one is not ready to take for granted that it occurs 
explicit definition Any definition giving as the dcfiniens a single 
word or phrase that can he substituted for the definiendum 
exportation A principle of equivalence involving conditionals Rep 
resented schematically, “p ID (gDr)’ is equivalent to “(pAg) 
D r” 

expression Any word or svmhoh or combination of words or sym 
hols 



323 

Glossary of Terms 

large nmnliers, law of- Statistical principle to j getting 

example, a com is to be tossed tosses, the 

heads in a smglo toss is then the grea er heads will 

higher is the probabilitj that the fraction o (i e , %) 

closely approximate the probability of the sing ^ 
logical analogy. Eeasonmg hy analogy w ic “ (hat other 

argument is inialid (or that it is vali ) TP 
Similar arguments are invalid (orvalid) the logical structure 

logical form In a sentence or an a gu ipavine only such 

obtained if all nonlogical words are 

logical Tvords as "all”, “some”, “not , an sentences are true be 
logical laws Principles about -wbat km s o sentences may be 

cause of their logical form , prmciples a sense, a sentence 

inferred from others, and so on A o, m a 

that IS necessarily true because o^ 

law of logic tbe premise containing 

premise In a categorical syllogmm, 
major term that is the ® 

major term In a categorical syllogm , 

of the conclusion cituation, the , 

mathematical expectation* In a gam i,ed by the probabib ? 
gambler stands to gam (or lose) lose) ^ 

he -will gam (or by the probabiU 7 causes us 

method of agreement A method of be a factor 

pnnciple that the cause of a on occurs causes, 

present m every case m which ^ of reasoning aboi^ ^^.^gent 

method of concomitant variations A phenomenon mus 
nsmg the principle that the cause o 

to the same degree as is the mg about pot oc 

method of difference A method of phenome“°“ 

principle that any factor present w en ms m both 

cur cannot be the cause of it , ^^m that occ 

middle term In a categorical syllogism, 

^ premises but not m the conclusion of ph®o°®'^“\ be pr®® 

B methods Ways of finding the <=;f;;,enomenon must 
the general prmciple that the ^ occurs „,nmiog 

ent when and only when the pkenon^BUon^^ ,,ptam 

^or Premise In a categorical sylloP® 
minor term 



322 


The Elements of Logic 


implication: To say that one sentence, or group of sentences, implies 
another sentence is to say that if the former be true then the latter 
must necessarily be true too. "Where the implication results from 
the truth-functional forms of the sentences, it is called truth- 
functional implicationj ■where it results from their quantiflcafional 
forms, it is called quantificational implication. 

inconsistency, fallacy of : The fallacy of reasoning from premises that 
are inconsistent with one another. 

inconsistent sentences: A group of sentences are inconsistent with one 
another if and only if it is necessarily impossible for them all to be 
true. 

induction: Nondeductive inference in which the conclusion expresses 
an empirical conjecture that goes beyond what the premises say; 
that is, the conclusion implies something, not implied by the prem- 
ises, that can be confirmed or refuted only on the basis of evidence 
drawn from sense experience. 

inductive analogy : Inductive reasoning that reaches a conclusion about 
a single case on the basis of a similarity between that case and other 
previously observed cases. 

inductive generalization: Inductive reasoning that passes from evi- 
dence about some observed members of a class to a conclusion about 
the whole class. 

inference : The deriving of a conclusion from premises. 

instance; In the logic of quantification, an instance of a quantifica- 
tion is a sentence exactly like the quantification except that the 
quantifier has been removed and a name has been substituted for the 
variable of quantification. In inductive reasoning, individual cases 
to ■which a generalization applies or which bear out an analogy are 
called instances of that generalization or instances of that analogy, 
intension of a general term: All those characteristics that a thing 
must necessarily possess in order that the term correctly apply to it. 
invalidity: To say that an argument is invalid is to say that the con- 
clusion docs not folIo'U’ from the premises, or, at any rate, that it 
docs not follow with the degree of probability that the speaker claims 
for it. 

irrelevance, fallacy of: Any non atquitur that is neither a pure fal- 
lacy nor a fallacy of ambiguity. A fallacy of this sort is misleading 
when something about the premises distracts attention from the fact 
that they have no logical bearingupon the conclusion. 
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minor term: In a categorical ^llogism, the term that occurs as subject 
of the conclusion. 

modus ponens: A form of conditional argument. It is represented sche- 
matically by p D 3 , p; .‘.g. 

modus tollens: A form of conditional argument. It is represented 
schematically by p D g, —g,* — P* 

Monte Carlo fallacy! In inductive reasoning, the fallacy of infer- 
ring that, because an event has occurred less often in the recent past 
than vas to have been expected, therefore there is an increased 
probability of its occurring in the near future, 
mood: In categorical syllogisms, the forms of the sentences in the syl- 
logism; thus, a syllogism is in the mood EAE, for instance, if its 
major premise is an E sentence, its minor an A, and its conclusion 
an E. 

narrow: An analytical definition is too narrow if the deftniendum ap- 
plies to some things to •which the definiens does not apply, 
necessary condition : If all cases of A are cases of B, then B is said to 
be a necessary condition of A. For example, having a middle term 
that is distributed is a necessary condition of being a valid syllogism. 
The fact that J. is a necessary condition of B may itself be a neces- 
sary truth, or it may be an empirical truth, 
necessary sentence : Any sentence whose truth or falsity can be known 
a priori. 

negating a sentence: Replacing the sentence by its contradictory, 
negating a term: Replacing the term by its contradictory, 
negation: Any “not” sentence. 

negation, law of: Law for calculating the probability of a negation; 
the probability that something is not so equals 1 minus the proba- 
bility that it is so. 

negation of a sentence: Two sentences are said to be negations of each 
other when and only when they are contradictories, 
negation of a term: Two terms are said to be negations of each other 
•when and only when they are contradictories, 
negative analogy: In inductive reasoning by generalization or analogy, 
the extent of the observed differences among the previously observed 
cases. 

negative sentences: Categorical sentences are said to he negative 
if and only if they are in E or 0 form. 
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make different statements. (By uttering the sentence “You're stu- 
pid" while addressing Smith one may make a true statement, yet by 
uttering that same sentence while addressing Jones one perhaps makes 
a false statement.) In logic a sentence is called true when the state- 
ment that the sentence would most commonly he used to make is a 
true statement. 

stipidative definition : A definition that arbitrarily assigns a new mean 
ing to the word or symbol being defined, 
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reasoning Thinking that includes ihe making of inferences 
rcductio ad ahsuidum Deductive reasoning in "which a conclusion is 
established by showing that its negation leads to something neces 
sanly false Schematically, one form is pD (2& — S') > ~~P 

relevance In inductive reasoning by generalization or analogy, the ex 
tent to which one’s background knowledge makes it reasonable to 
expect that one thmg will be associated with another 
revelatory definition Any description that, by means of a metaphor 
or in some other way, attempts to pomt out somethmg fundamental 
about the nature of the thmg bemg described 
scope of a quantifier In a symbolized sentence containing a quanti 
fier, that portion of the sentence governed by the quantifier 
self contained argument Any ai^ument whose premises can he 
stated completely so that, in determinmg whether the conclusion 
validly follows from them, one need take no account of the truth or 
falsity of any other sentences (except for sentences expressmg 
logical la-ws) 

sentence Any combmation of words that can serve as a complete 
utterance, according to the rules of language In logic the concern 
IS with sentences that are used to make true or false statements 
simplification Conjunctive argument whose smgle premise is a con- 
junction and whose conclusion is the same as one component of that 
conjunction This is represented schematically by p & g, p 
singular sentence A sentence containing at least one smgular term 
An example is “Socrates is mortal” , this example can be symbolized 
"All S are M” (if "S" is taken to mean "persons identical "with Soc- 
rates’ ) or it can be symbobzed as "JJfa” (if "o” stands for Soc- 
rates) 

singular term A word or phrase that purports to apply to exactly 
one thing Proper names are one kmd of singular terms 
slothful induction In mductive reasoning, the mistake of under- 
rating the degree of probability with which a conclusion follows 
from evidence 

square of opposition A traditional diagram for lUustratmg the logi- 
cal interrelations of the different forms of categorical sentence, 
when all have the same subject and all have the same predicate 
statement An assertion To make a statement is to utter (or write) 
a sentence m such a way as to sav something true or false Strictly 
speaking, the same sentence might be used on different occasions to 
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ponent is sufficient to enaUe one to determine whether the compound 
sentence is true 

truth table Table that shows whether a compound sentence is true 
or whether it is false, for each possible combination of tenth and 
falsity of its components 

undistributed middle, fallacy of For a categorical syllogism to com- 
mit tins fallacy is for its middle term to be distributed neither in the 
major nor m the minor premise 

universal instantiation In deductive reasonmg, the principle that al- 
lows one to infer from a universal quantification any instance of it 
universal quantifi-cation A symbolized sentence that starts with a uni 
versal quantifier whose scope is all the rest of the sentence 
universal quantifier The expression ‘ ( ) ’ , where any variable may 
be put in the gap “(«)” means “Each thing x is such that” 
universal sentence To call a categorical sentence imiversal is to say 
that it is in A or E form 

vagueness To say that a word is vague is to say that there is no way 
of tellmg where the correct application of it is supposed to stop, as 
things vary in degree 

validity To say that an argument is valid is to say that its conclusion 
logically follows from its premises, as the argument claims A de 
ductive argument is valid if and only if it would be necessarily im 
possible for the conclusion to be false if the premises all are true 
A deductive argument valid on account of its truth functional form 
IS called truth functionally valid , if valid on account of its quanti 
ficational form, it is called quantificationally valid An inductive 
argument la valid, if and only if the degree of support which it claims 
that its premises provide for the conclusion is indeed the degree of 
support that the premises do provide for the conclusion 
variable Anv of the letters etc , as used in quantifica 

tional symbolism 

variable of quantification In a universal quantification or an existen- 
tial quantification, the variable whose occurrences are governed by 
the quantifier that comes at the beginning 
verbal dispute A disagreement caused not by any difference of opin 
ion concemmg anything true or false but merely by a difference 
m verbal usage, one speaker prefers to use a word in one way, while 
his opponent prefers to use the word in another way 
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TKtllH-rUNOTIONAL SYMBOLS 

— : The dash expresses negation. p” is rend "not p", or "it is not the 
case that p”. 

& ; The ampersand expresses conjunction, "p & g” is read “p and g”. 

v: The wedge expresses disjunction^ in the nonexclusive sense. p^9 
is read “p or g”. 

Z> : The horseshoe expresses the conditional, in its truth-functional sense, 
“p D g” is read “if p then g”, or “p only if g”. 

s : The three lines express the biconditional, “p s g” is read “p if and 
only if g”. 


QUANTIFIOATIONAl SYMBOLS 

(x) : Any variable inclosed within parentheses is a \miversal quantifier. 
“ (x) ” may be read “each thing x is such that”. 

(ax) : Any variable preceded by a backwards “E” and inclosed within 
parentheses is an existential quantifier. “(3x)” may be read "at 
least one thing x is such that”. 

PROBABILITY SYMBOL 

^ : The double stroke is used to express probability. These two strokes 
appear between one sentence and another to form an overall expres- 
sion that refers to the probability of the first sentence relative to the 
second, “p ^ g” may be read “lie probability of p, given g”. 
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